<U>704771 


FTD-MT-24-391-69 


FOREIGN  TECHNOLOGY'  DIVISION 


i»si 


NOVOCHERKASSK.  POLYTECHNIC  INSTITUTE.  TRANSACTIONS 

(Selected  Articles) 


f!epr<x*>cod  by  fho 

CLfcAPINGHOCSi 
lot  Sciorftbc  S  T*cho«c«l 

Informohco  ^prmgftaid  Vo  22151 


Oiitribufion  of  thi»  document  n 
unlimited.  It  may  do  roieoeod  to 
tKo  Clear  inohouco,  Deportment  of 
Co.omofce,  tor  solo  to  tKo  general 
public. 


FTD-MT-2!t-^<)i-6Q 


EDITED  MACHINE  TRANSLATION 


NOVOCHERKASSK.  POLYTECHNIC  INSTITUTE. 
TRANSACTIONS  (Selected  Articles) 

English  pages :  64 

Source:  Novocherkassk.  Politekhnicheskiy 
Institut.  Trudy,  1967*  Vol.  177, 
pp.  11-14,  23-29,  30-35,  39-42, 

43-46,  50-55,  56-60,  61-63,  64-68, 
69-74,  75-79. 

This  document  is  a  Mark  II  machine  aided  trans¬ 
lation,  post-edited  for  technical  accuracy  by: 
K.  L.  Dion  and  Joseph  E.  Pearson. 


UR/2884-67-117-000 

THIS  TRANSLATION  IS  A  RENDITION  OR  THE  ORiGI* 

HAL  FOREIGN  TEXT  WITHOUT  ANY  ANALYTICAL  OR 
EDITORIAL  COMMENT.  STATEMENTS  OR  THEORIES 

PREPARED  SYi 

ADVOCATED  OR  IMPLIED  ARE  THOSE  OR  THE  SOURCE 
ANODO  MOT  NECESSARILY  REFLECT  THE  POSITION 

translation  division 

OR  OPINION  OR  THE  ROREION  TECHNOLOGY  D|. 

FOREIGN  TECHNOLOGY  DIVISION 

VISION. 

WP.AKB,  OHIO. 

Date  27  Feb  19  v; 


TABLE  OP  CONTENTS 


U.  S.  Board  on  Geographic  Names  Transliteration  System .  ill 

t 

Designations  of  the  Trigonometric  Functions .  iv 

Investigation  of  Static  ^i-iction  Caprone  on  Steel:  at 
fjifferent  Temperatures,  by  D.  T.  Avdeyev  and  0.  P.  Xireyev....  1 

Structure  and  Antifriction  Properties  of  Low-Pressure 
Polyethylene  Depending  on  TWo  Methods  of  Mixing  with  Mineral 
k  0il;  by  Yu.  P.  Makhin  and  A.  A.  Kut'kov . . .  5 

Investigation  of  the  Static  Friction  of  Caprone  on  Steel  at 
Great  Unit  Pressures  in  Water  and  when  Dry,  by  A.  I. 

\  Romanovskiy .  12 

The  Investigation  of  Graphitoplast  for  .Friction  and  Wear  in 
Lubrication  with  Water',  by  V.  N.  Kruzhiiln .  19 

Comparative  Investigations  of  Friction  of  .-Rest  of  Certain 
Plastics  with  Large  Specific  Loads,  by  A.  A.  Kut'kov,  D.  T. 

Avdeyev,  and  A.  I.  Romanovskiy . » . . .  2 d 

Determining  Pressure  in  a  High  Polymeric  Mass  During 

Rolling,  by  D.  T.  Avdeyev,  A.  A.  Kut'kov,  S.  M.  Kureyko,  and 

A.  I.  Romanovskiy .  29 

Antifriction  Properties  and  Wear  Resistance  of  Polyamide 

Resins  with  a  Graphite  Filler  in  Lubrication  with  .Water',  by 

M.  Sh.  Imanov. . . 37 

Comparative  Investigation  of  the  Friction  of  Steel  and  Plastic 
Samples  Under  the  Effect  of  Shock  Loads,  by  D.  'T.  Avdeyev  and 
S.  N.  Litvinenko . A3 

Investigating  the  Effect  of  Certain  Types  of  Corrosion 
Inhibitors  and  Anticorrosive  Coverings  on  the  Wear-Resistance 
of  a  Steel-Polyamide  Friction  Pair  with  Operation  In  Water, 
by  A.  A.  Kut'kov  and  V.  I.  Vishnyakov .  A7 


FTL'-MT-  2 1  -  39 1-69 


1 


m 


m 


(j,  i 

Certain  ^estions  Concerning  the  fiction  of  -Elastics  Eased 
on  Polyamide  ,Jtesins  with  a  filler  with  )teter  J&bri  cation*,- 
by  A.  A.  Kut  ’kov  and  M.  Sh.  Imanov. ...» . .  .  .  .  . . 

The  -Investigation  of  the  Wear  Resistance  of  Certain  l4lymers 
Puring  deration  in  Water*  by  A.  A.  Xut’kov  and  Yu.  B. 
Kornilov . .TT. . . 


52 

59 


i 


« 


PTD-MT-24-391-69 


11 


U.  S.  BOARD  ON  GEOGRAPHIC  NAMES  TRANSLITERATION  SYSTEM 


Block 

Italic 

Transliteration 

A 

a 

A 

a 

A,  a 

B 

6 

£ 

6 

B,  b 

B 

i 

B 

» 

V,  v 

r 

r 

r 

t 

Q,  g 

a 

a 

n 

9 

D,  d 

E 

• 

E 

t 

Ye,  yej  E,  e* 

)K 

M 

M 

*c 

Zh,  zh 

3 

a 

3 

« 

Z,  z 

H 

M 

H 

V 

I,  i 

Pi 

A 

ft 

a 

Y,  y 

K 

K 

K 

K 

K,  k 

JI 

a 

n 

A 

L,  1 

M 

M 

M 

M 

M,  m 

H 

N 

H 

V 

N,  n 

0 

0 

0 

0 

0,  o 

n 

n 

n 

n 

P»  P 

Block  Italic  Transliteration 
P  P  P  p  R,  r 

C  c  C  c  S,  s 

T  t  T  m  T,  t 

y  y  y  y  u,  u 

$  *  *  $  F,  f 

X  *  X  x  Xh,  kh 

U  u  U  H  Ts,  ts 

H  h  V  h  Ch,  ch 

III  ui  U1  w  Sh,  sh 

UI  w  U1  *  Shch,  shch 
\  \  2>  *  " 

bl  h  U  y  Y,  y 

b  fc  b  h  • 

3  *  9  »  E,  e 

K)  »  K>  to  Yu,  yu 

*  *  P  *  Ya,  ya 
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wKen  written  as  8  in  Russian,  transliterate  as  y8  or  8. 
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may  be  omitted  when  expediency  dictates. 


FTD-MT-^-391-6m 


UI 


FOLLOW DIQ  ARE  THE  CORRESPONDING  RUSSIAN  AND  ENGLISH 
DESIGNATIONS  OF  THE  TRIGONCMTRXC  FUNCTIONS 
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INVESTIGATION  0?  STATIC  FRICTION  OF  CAPRONE  ON  STEEL 
AT  DIFFERENT  TEMPERATURES 


D.  T.  Avdeyev  and  0.  P.  Kireyev 

More  precise  determination  of  a  series  of  mechanisms  working 
under  conditions  of  a  change  of  ambient  temperature  requires  knowledge 
of  the  dependence  of  the  coefficient  of  static  friction  on  temperature. 
In  order  to  determine  qualitative  and  quantitative  influence  of  tne 
ambient  temperature  on  static  friction  of  certain  frictional  pairs, 
experiments  were  conducted  on  a  specially  designed  installation, 
shown  on  Fig.  1.  Annular  sample  12  was  set  in  upper  mount  9,  connected 
by  a  double  key  connection  with  bushing  10,  which  together  with  turning 
sector  11  could  turn  in  radial  bearings.  Counterbody  15  was  fixed 
in  lower  mount  14,  resting  on  a  thrust  ballbearing  and  self-adjusting 
with  the  help  of  spherical  support  1?.  The  friction  pair  was  in 
chamber  18,  i;,  the  wall  of  which  was  a  built-in  electrospiral.  Temper¬ 
ature  in  the  chamber  was  changed  by  voltage  regulator  13  and  controlled 
by  thermocouple.  Normal  force  was  created  by  load  i  and  through  lever? 
2,  3,  and  the  upper  thrust  bearing  acted  on  mount  9.  Shear  ''orce  was 

created  by  the  weight  of  the  fraction  passed  from  vessDl  5  into  load 
container  16,  connected  by  cable  with  the  turning  s»  ctor.  After 
touching  the  sample  the  mount  was  turned  and  container  16  was  lowered. 
Lever  7  is  turned  and  under  the  action  of  spring  6  bolt  8  covered  she 
hole  of  the  exit  channel  of  the  vessel.  Weighing  then  the  container 
with  the  fraction  in  it,  the  shear  force  of  friction  was  determined. 


Pig.  1. 


Experiments  were  conducted  for  steel-steel  and  steel-caprone  pairs 

secondary  in  TU-V-75-61,  where  the  counterbcdy  was  steel  ST  6.  This 

selection  is  explained  by  the  fact  that  comparison  of  temperature 

characteristics  of  static  friction  of  such  different  materials  as  steel 

and  caprone  is  of  great  interest.  Cleanness  of  the  contact  surfaces 

was  identical  and  equaled  V6,  which  was  achieved  by  grinding.  Specific 

2 

pressure  on  the  contact  surfaces  amounted  to  10  kgf/cm  .  Before 
experiments  the  working  surfaces  were  thoroughly  washed  in  acetone. 

It  was  possible  to  exclude  the  influence  of  boundary  lubricating  layers 
and  to  set  the  experiment  under  conditions  "of  dry  friction." 

Each  experiment  was  corducted  in  the  following  way.  Temperature 
in  the  chamber  rose  to  the  required  value.  Samples  were  put  Into 
contact  and  held  during  five  minutes  under  lead  at  the  rated  temoera- 
ture.  Then  the  specimens  were  touched  and  the  container  with  the 
fraction  were  weighed.  The  friction  in  the  bearings  of  mount  9 
depending  upon  temperature  was  preliminarily  determined  and  considered 
during  treatment  of  experimental  data.  For  every  pair  of  samples  at 
the  rated  temperature  tnree  experiments  each  were  conducted  in  the 
interval  from  1'0  to  .140°C.  The  coefficient-  of  friction  in  every 
experiment  was  calculated  oy  the  formula  [l]r 
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where  R  -  radius  of  turning  sector,  P  -  weight  of  load,  r1  -  internal 
radius  of  sample,  r?  -  external  radius  of  sample,  Q  -  weight  of 
container  with  fraction. 

Results  of  experiments  are  shown  on  the  graph  (Pig.  2).  Every 
point  of  the  curve  is  the  arithmetic  mean  of  results  of  nine  experi¬ 
ments.  By  analyzing  the  graph,  it  may  be  concluded  that  in  the 
investigated  interval  of  temperatures  the  coefficient  of  static  friction 
increased  with  an  increase  of  temperature  for  the  steel-steel  pair 
(curve  1).  This  phenomenon  can  be  explained  by  the  constant  increase 
of  oxide  film  on  the  contact  surfaces.  It  is  known  that  there  is  a 
certain  optimum  thickness  of  the  film,  at  which  it  has  the  most 
strength  and  maximum  adhesion  to  metal  [2,  3].  Obviously,  the  thick¬ 
ness  of  the  oxide  film  under  conditions  of  the  experiment  did  not 
exceed  this  level. 
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The  drop  of  the  coefficient  of  3tatic  friction  for  the  steel- 
caprone  pair  (curve  2)  can  be  explained  by  the  fact  that  for  caprone, 
as  a  more  plastic  material,  the  predominant  phenomenon  in  static 
friction  will  be  molecular  interaction.  With  an  increase  of  tempera¬ 
ture  the  adhesive  bonds  weaken  and  the  coefficient  of  friction 


decreases  [5,  6], 


Conclusions 

1.  Good  reproducibility  of  experiments  and  comparatively  small 
spread  of  points  indicate  that  the  design  considers  basic  factors 
affecting  static  friction. 
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2.  With  an  increase  of  temperature  increase  of  the  coefficient 
of  static  friction  for  a  steel-steel  pair  is  observed. 


3.  The  coefficient  of  static  friction  for  a  steel-caprone  pair 
decreases  with  a  temperature  rise. 

4.  The  increase  of  the  coefficient  f  static  friction  for  a 
steel-steel  pair  can  be  explained  by  a  growth  of  oxide  film  on  the 
friction  surface,  lowering  the  coefficient  of  static  friction  for  a 
steel-caprone  pair  by  adhesive  interaction. 
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STRUCTURE  AND  ANTIFRICTION  PROPERTIES  OF 
LOW-PRESSURE  POLYETHYLENE  DEPENDING  ON 
TWO  METHODS  OF  MIXING  WITH  MINERAL  OI« 

Yu.  P.  Makhin  and  A.  A.  Kut'kov 

Recently  there  appeared  a  new  branch  of  polymer  science  —  struc¬ 
tural  mechanics,  whi ch  makes  it  possible  to  obtain  new  materials  by 
a  change  of  the  supra-molecular  structures  of  existing  polymers. 

This  branch  of  polymer  science  uses  principles  of  plasticization 
to  create  the  new  polymer  materials  with  a  preassigned  complex  of 
physical  and  mechanical  properties. 

’he  plasticizers  are  low-molecular  substances,  which  are  intro¬ 
duced  in  a  polymer  to  increase  mobility  of  their  structural  elements 
and  to  change  in  a  desirable  direction  the  physical  and  mechanical 
properties  of  the  polymer.  A  common  property  of  all  plasticizers  is 
that,  exerting  are  influence  on  high-molecular  compounds,  they  do  not 
go  into  chemical  reaction  with  them  and  are  held  in  the  polymer 
throughout  the  time  of  its  existence  [1,  2,  31-  Investigations  of 
Soviet  scientists  [2,  *4,  5]  established  that  the  most  important 
feature  of  solid  polymeric  bodies  is  the  variety  of  supra-molecular 
structures  formed  from  packs  of  macromolecules. 

In  accordance  witn  the  contemporary  idea  about  the  structure 
of  polymers,  plasticization  can  be  divided  into  two  forms:  molecular 
(Intrabundle)  and  structural  ( lnterfc undle ) .  The  basis  of  this  separ¬ 
ation  is  the  accepted  character  of  distribution  of  plasticizer  in  a 


polymer  taking  into  account  the  forming  supra-molecular  structures  of 
plasticized  polymer.  In  the  first  case  the  plasticizer  should  be 
distributed  very  evenly  among  the  chain  molecules  of  the  polymer; 
there  is  a  destruction  of  its  supra-molecular  structures  -  the  plas¬ 
ticizer  dissolves  the  polymer.  In  the  second  case  molecules  of 
plasticizer  are  distributed  among  supra-molecular  formations;  the 
interaction  of  molecules  of  plasticizer  with  active  groups  of  polymer 
chains  is  so  weakened  that  it  is  limited  only  to  molecules  of  the 
polymer  distributed  on  the  surface  of  the  supra-molecular  structural 
formations  [2,  3]. 

At  present  plasticization  is  applied  basically  to  amorphous 
polymers,  but  questions  of  plasticization  of  crystal  polymers  are  in 
the  stage  of  investigations.  In  connection  with  the  ever  greater 
significance  which  crystal  polymers  obtain  in  industry,  in  particular 
polyethylene,  the  Influence  of  plasticization  ori  its  structure  and 
antifriction  properties  presents  special  interest.  It  is  possible  to 
assume  that  a  definite  influence  on  structure  and  antifriction  proper¬ 
ties  of  polyethylene  will  be  rendered  also  by  combining  it  with  a 
plasticizer.  Here  we  describe  experiments  checking  this  assumption. 

Samples  for  investigation  were  pressed  in  a  special  casting  setup 

placed  on  a  hydraulic  press  (Fig.  1).  This  made  it  possible  to  obtain 

2 

samples  at  a  constant  specific  pressure  of  20  kgf/cm  .  The  installation 
consisted  of  lower  plate  1  and  upper  plate  16,  connected  by  four  stands 
14  and  bolts  15.  To  the  upper  plate  was  welded  heating  cylinder  12, 
which  produced  uniform  heating  and  melting  of  the  polymer.  From  the 
heating  cylinder  the  mass  was  pressed  by  plunger  13  through  injector 
10  into  a  packet  of  sieves,  consisting  of  housing  Into  which  bronze 
grids  were  inserted,  draw  plate  8  and  spacer  ring  7.  The  packet  of 
sieves  served  to  split  the  finely-dispersed  particles  of  polyethylene 
and  thoroughly  mixed  their  mineral  oil.  The  mass  fails  into  5, 
closed  from  below  by  piston  K .  Heating  cylinder,  tornedo  and  form  were 
pressed  by  tightening  screw  3,  which  was  screwed  Into  bushing  2. 

Cylinder  and  torpedo  were  heated  by  electricity,  temperature  was 
controlled  by  a  thermocouple  and  galvanometer;  specimens  were  pressed 
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The  initial  mass  for  pressing  was  a  mixture  of  polymer  material 
and  plasticizer.  The  polymer  was  low-pressure  (l.p.)  polyethylene 
in  the  form  of  finely-dispersed  powder,  and  the  plasticizer  was  spindl 
oil.  The  construction  of  the  installation  allowed  pressing  samples  by 
two  methods.  In  the  first  method  the  initial  mass  was  covered  in  the 
heating  cylinder,  heated,  held  to  full  melting  and  directly  from  the 
cylinder  pressed  into  the  form.  In  this  case  oil  enveloped  particles 
of  polyethylene  both  before  the  material  melted  and  afterward,  not 
disturbing  the  entirety  of  the  particles.  In  the  second  method  of 
pressing  the  melted  mass  from  the  heating  cylinder  passed  through  a 
packet  of  sieves,  was  thoroughly  mixed  and  only  after  that  pressed 
into  the  form. 


Structure  of  the  samples  was  Investigated  by  X-ray.  Samples  for 
roentgenographic  study  had  the  following  composition:  No.  1  -  pure 
l.p.  polyethylene;  No.  2  -  plasticized  l.p.  polyethylene,  obtained 
by  the  first  method:  505?  finely-dispersed  powder  of  l.p.  polyethylene 
and  50$  spindle  oil;  No.  3  —  plasticized  l.p.  polyethylene,  obtained 
by  the  second  method:  50$  finely-dispersed  powder  of  l.p.  polyethylene 
and  50$  spindle  oil. 

The  X-ray  photographs  were  taken  on  a  URS-50I  diffractometer. 
Treatment  of  X-ray  photographs  and  comparison  of  results  permitted 
determining  the  degree  of  crystallinity  for  samples  of  pure  polyethylene 
(75-80$)  (Pig.  2).  For  samples  of  plasticized  l.p.  polyethylene 
obtained  by  the  first  method  the  crystal  phase  composes  75-80$  (£±c-  3' ■ 
For  samples  of  plasticized  l.p.  polyethylene  obtained  by  the  second 
method  the  crystal  phase  composes  25-30$  (Fig.  4). 


29  20 

Fig.  2,  Fig.  3. 
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In  obtaining  samples  by  the  first  method  the  degree  of  crystallin¬ 
ity  of  l.p.  polyethylene  does  not  drop  as  compared  to  pure  polyethylene. 
In  obtaining  samples  by  the  second  method  the  degree  of  crystallinity 
essentially  drops.  Apparently,  in  this  case  mineral-  oil  destroys  the 
crystal  structure  of  the  l.p.  polyethylene.  Thus,  X-ray  study  showed 
that  in  the  plasticizing  of  samples  of  polyethylene  by  the  first  method, 
the  compatibility  of  polymer  with  mineral  oil  is  very  low,  and  in  the 
second  method  the  compatibility  essentially  increases. 

To  study  supra-molecular  structures  of  plasticized  polyethylene 
in  order  to  show  the  relative  position  of  polymer  and  plasticizer  In 
a  system,  methods  of  optical  microscopy  were  used.  Methods  of  fine 
cuts  and  brittle  fracture  showed  that  samples  of  plasticized  polyethyl¬ 
ene  obtained  by  the  first  method  have  a  space  structural  frame  of 
polyethylene,  in  the  free  cavities  of  which  is  plasticizer  (spindle 
oil).  For  samples  obtained  by  the  second  method  uniform  structure 
is  observed.  These  investigatings  confirm  the  fact  that  for  samples 
of  plasticized  l.p.  polyethylene  obtained  by  the  first  method,  the 
compatibility  of  polymer  and  plasticizer  is  very  low,  and  for  samples 
obtained  by  the  second  method  very  high. 

Thus,  the  first  method  of  combination  makes  it  possible  to  obtain 
a  specific  "honeycomb"  structure  of  polyethylene.  Such  plasticization 
is  conditionally  called  "macrostructure"  plasticization.  For  samples 
of  polyethylene  prepared  by  the  second  method  molecular  (intrabundle) 
plasticization  is  obtained.  In  this  case,  thanks  to  the  thorough 
mixing  of  polyethylene  in  the  melted  state  with  oil,  there  is  good 
combination.  Molecules  of  oil  are  evenly  distributed  between  molecules 
of  polyethylene,  and  as  a  result  a  solution  is  obtained. 

Investigations  of  antifriction  properties  were  conducted  on  a 

friction  setup,  which  was  made  up  of  a  friction  gage  with  a  constant 

contact  rate  of  the  samples  -  15  mm/min.  Specific  pressure  on  samples 

2 

in  all  experiments  was  3  kgf/cm  .  The  resistance  of  the  samples  to  a 
shift  was  measured  with  resistance  pickups  glued  on  an  elastic  beam, 
and  an  EPP-09  electronic  potentiometer.  The  counterbody  -for  the 
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investigation  of  antifriction  properties  of  plasticized  polyethylene 
was  steel  plate  with  a  cleanness  of  treatment  of  76. 

Results  of  the  investigations  are  represented  on  Pig.  5.  Curve 
1  shows  the  change  of  coefficients  of  friction  of  l.p.  polyethylene 
during  molecular  plasticization  depending  upon  the  percent  of  plas¬ 
ticizer,  curve  2  -  change  of  coefficients  of  friction  of  l.p.  poly-  . 
ethylene  during  macrostructural  plasticization  also  depending  upon  the 
percent  of  plasticizer. 


Jtaount  of  mintr&l  oil 
in  polyothylono,  # 

Pig.  5. 


Molecular  (intrabundle)  plasticization  of  polyethylene  leads  to 
impairment  of  its  antifriction  properties.  With  an  increase  of  the 
percent  of  spindle  oil  the  coefficients  of  friction  increase.  It 
was  established  that  with  an  increase  of  the  amount  of  spindle  oil 
to  30%  in  the  polyethylene  occurs  a  smooth  growth  of  coefficients, 
and  with  a  further  increase  of  oil  the  coefficients  of  friction 
stabilize, 

"Macrostructural”  plasticization  of  polyethylene  leads  to  a 
drop  of  the  coefficients  of  friction.  The  greatest  drop  of  coefficients 
of  friction  is  observed  at  50)4  spindle  oil  in  l.p.  polyethylene.  In 
this  case  the  coefficient  of  friction  reaches  0.05.  With  a  further 
increase  of  the  percent  of  plasticizer  the  coefficients  of  friction 
fall  Insignificantly,  but  there  is  an  impairment  of  physical  and 
mechanical  properties  of  the  material. 
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Conclusions 


4 

£ 
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I 

1.  With  the  thorough  mixing  of  polyethylene  and  mineral  oil  In  j 

the  melted  state  molecular  plasticization  is  obtained  and  uniform 
structural  is  observed.  However,  the  crystal  phase  essentially 

decreases  as  compared  to  the  crystal  phase  of  pure  polyethylene. 

2.  In  the  case  of  a  combination  of  polyethylene  with  mineral 
oil  without  mixing  in  the  melted  state,  a  honeycomb  structure  is 
obtained,  in  which  the  polyethylene  serves  as  the  basis  for  the  struc¬ 
tural  frame.  The  quantity  of  crystal  phase  remains  constant  as  for 
pure  polyethylene. 


j.  In  molecular  plasticization  of  polyethylene  by  mineral  oil 
the  antifriction  properties  of  the  polymer  fell  off  with  an  increase 
of  the  percent  of  oil. 


4.  In  "macrostructural"  plasticization  of  polyethylene  by 
mineral  oil  the  antifriction  properties  of  the  polymer  improve  with 
an  increase  of  the  percent  of  oil. 
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INVESTIGATION  OP  THE  STATIC  FRICTION  OP  CAPRONE 
ON  STEEL  AT  GREAT  UNIT  PRESSURES  IN 
WATER  AND  WHEN  DRY 

A.  I.  Romanovs kiy 

Many  mechanisms  and  machine  units  works  alternately  in  water  and 
in  air,  such  as  ship  raisers,  hydraulic  locks  in  sluices  and  spillways, 
different  mechanisms  in  irrigating  systems,  and  also  units  and 
mechanisms,  working  under  the  open  sky.  Static  friction  under  great 
specific  pressures  in  water  and  during  drying  has  been  studied  little. 

Certain  researchers  have  long  noted  unusual  phenomena  occurring 
when  water  falls  on  a  friction  surface  [J-6]. 

Recently  all  more  frequently  for  friction  assemblies  working  water 
different  plastics,  in  particular,  caprone,  have  been  used.  Usually 
caprone  is  used  in  a  pair  with  steel. 

The  purpose  of  this  work  has  the  investigation  of  3tatic  friction 
of  a  steel-caprone  in  water  and  during  drying.  Furthermore,  it  was 
interesting  to  clarify  the  influence  on  friction  of  abrasive,  contained 
usually  in  water,  and  also  remaining  on  the  steel  surfaces  after 
grinding. 

Experiments  were  conducted  on  an  end-type  machine  [7],  which 
allowed  obtaining  high  and  constant  pressure  5n  contact,  and  also 
changing  the  r^te  of  application  of  the  tangential  force  according 
to  its  size  during  the  experiment. 
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One  sample  was  steel  45  (Hg  ■  187),  the  other  was  caprone  B. 
Since  specific  pressures  in  the  friction  contact  of  assemblies  is 

p 

rather  high  (200-250  kgf/cm  ),  the  specific  pressure  in  all  experi- 
ments  was  taken  as  208  kgf/cm  .  Surface  cleanness • for  all  samples 
was  76.  Ambient  temperature  was  approximately  constant  from  20  to 
23°C,  and  relative  atmospheric  humidity  was  50-5218.  Every  pair  of 
samples  was  tested  320  min.  This  duration  is  explained  by  the  fact 
that  under  experimental  conditions  the  samples  were  completely  dried 
in  300  min. 

The  rate  of  loading  in  all  experiments  was  constant  and  0.5 
kgf/s.  In  all  there  were  eight  series  of  experiments.  In  every 
series  5  pair  of  samples  was  investigated,  and  with  every  pair  64 

experiments  were  conducted  with  an  interval  of  5  min. 

* 

In  the  first  series  of  experiments  both  samples  were  cut  on 
a  lathe  on  open  air.  In  this  case  the  coefficient  of  friction  was 
stable  (0.21-0.24).  The  spread  of  points  did  not  exceed  5-6$  of  the 
average  value  for  every  pair  of  samples  (Pig.  1,  curve  1). 


In  experiments  of  the  second  series  samples  also  sharpened  on 
a  lathe,  but  during  grinding  they  were  amply  watered  with  tap  water 
of  ah  overall  hardness  of  16,  23°N.  The  coefficient  of  friction  as 
the  samples  dried  somewhat  Increased  (from  0.15-0.21),  remaining  then 
constant  (Fig.  1,  curve  2). 
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In  the  third  series  of  experiments  the  caprone  sample  was  sharpened 
on  a  machine,  and  the  steel  sample  after  grinding  was  additional 
treated  with  emery  sandpaper  No.  30,  after  which  it  was  thoroughly 
washed  by  water  and  dried.  The  coefficient  of  friction  in  this  case 
remained  stable  (Pig.  2,  curve  8). 
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In  the  fourth  series  of  experiments  samples  were  prepared  just 
as  in  the  third  series  of  experiments,  only  during  their  grinding 
they  were  wetted  and  before  setting  in  the  machine  they  were  moistened 
by  water.  In  this  case  a  considerable  change  of  the  coefficient  of 
friction  during  drying  was  noted  (Fig.  1,  curve  3).  In  the  first 
120  min  .ihe  coefficient  of  friction  was  low  (0.22),  then  it  slowly 
increased  and  after  220  min  reached  maximum  (0.35);  after  that  It 
comparatively  rapidly  decreased.  After  300  min  it  reached  0.25  and 
thereafter  remained  constant. 

<•  In  the  fifth  series  of  experiments  the  friction  surface  of  the 

caprone  sample  was  sharpened;  on  the  steel  after  grinding  a  layer 
of  glass  powder  was  deposited.  Dimensions  of  the  particles  of  powder 
were  within  limits  of  0.5  um.  The  filling  of  the  nominal  friction 
surface  of  the  sample  by  the  powder  in  3ome  cases  composed  20* ,  in 
other  cases  H0*.  The  difference  In  filling  did  not  affect  the  change 
of  the  coefficient  of  friction  during  drying,  but  acted  only  on  its 
absolute  value. 
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In  this  case,  as  in  the  preceding,  the  coefficient  of  friction 
considerably  changed  during  drying  (Pig.  2,  curve  *0.  In  the  first 
120  min  it  was  0.25-0.26,  after  200  min  0.40-0.41  and  after  300  min 
it  descended  to  0.3,  remaining  then  constant. 

In  the  sixth  series  of  experiments  samples  were  prepared  analo¬ 
gously  to  experiments  of  the  fifth  series,  only  in  the  friction  zone 
iron  powder  was  introduced  (iron  reduced  in  hydrogen)  of  aporoximately 
the  same  granularity.  This  time  the  coefficient  of  friction  insignif¬ 
icantly  changed,  slightly  dropping  from  0.3  to  0.28  during  the  drying 
of  water  (Pig.  2,  curve  5). 

In  the  seventh  and  eighth  series  of  experiments  samples  were 
turned  on  a  lathe;  on  the  dry  friction  surfaces  in  one  case  g]ass 
(Fig.  2,  curve  6),  and  in  the  other  iron  (Fig.  2,  curve  7)  powders 
of  the  same  granularity  were  deposited.  In  both  cases  the  coefficient 
of  friction  changed  Insignificantly,  somewhat  dropping  with  time. 

It  is  necessary  to  note  that  in  all  series  of  experiments  when 
the  samples  we~e  prepared  the  chuck  of  the  lathe,  cutter  and  samples 
were  thoroughly  degreased  by  acetone. 

By  analyzing  the  data  of  the  experiments,  we  can  note  one 
characteristic  peculiarity.  With  clean  friction  surfaces  (considered 
to  be  the  absence  of  abrasive)  the  coefficient  of  static  friction  o*' 
dry  samples  and  those  moistened  by  water  with  time  remains  constant. 

If  in  the  friction  zone  there  is  current-conducting  powder  (iron) 
both  dry  and  In  combination  with  water  the  coefficient  of  friction 
insignificantly  changes  in  time.  In  dry  friction  with  glass  powder 
the  coefficient  of  friction  also  changes  little  in  time.  Only  the 
combination  of  a  dielectric  powder  (glass  powder  or  abrasive  particles 
after  treatment  by  emery  sandpaper)  with  water  in  the  friction  zone 
considerably  affects  the  coefficient  of  static  friction  in  the  drying 
of  water. 


We  explain  the  small  coefficient  of  friction  in  the  initial 
period  of  the  experiment  for  samples  whose  friction  surface  of  which 
was  covered  by  glass  powder  or  treated  with  emery  sandpaper,  by  the 
presence  of  a  colloidal  film  formed  by  highly-dispersed  particles 
of  abrasive  or  gl'ass  in  combination  with  water  and  dividing  the 
friction  surface.  The  presence  of  abrasive  particles  on  the  surface 
of  the  metal  even  after  thorough  washing  was  noticeable  under  a 
microscope  (640  times).  When  there  is  an  excess  of  water  the  viscosity 
of  the  colloidal  film  is  small  because  of  the  comparatively  low  initial 
friction.  With  the  evaporation  of  water  viscosity  of  the  colloidal 
film  increases,  which  in  turn  leads  to  an  increase  of  frictional  force. 
The  formation  of  a  colloidal  film  probably  is  promoted  by  charges  of 
static  electricity,  which  can  be  concentrated  on  particles  of  the 
dielectric  (glass  and  abrasive).  In  the  electrical  field  of  these 
charges  weakly  polarized  molecules  of  water  can  be  oriented.  Water 
in  this  case  becomes  to  a  certain  degree  polar-active  to  particles  of 
glass  and  abrasive.  This  is  mentioned  in  work  [2].  In  experiments 
with  iron  powder,  particles  of  which  conduct  current,  a  colloidal 
film  will  not  form.  Only  the  abrasive  action  of  powder  has  an  effect, 
and  therefore  the  coefficient  of  friction  remains  almost  constant 

The  increase  of  the  coefficient  of  friction  in  the  second  region 
of  the  curve  (Fig.  1,  curve  3)  can  be  explained  on  one  nand  by  the 
increase  of  viscosity  of  the  colloidal  film  with  drying  of  water  and 
the  phenomenon  of  seizing  ( concretization) ,  occurring  apparently 
during  the  dry!  'g  of  the  water,  on  the  other  hand.  The  phenomenon  of 
seizing  is  confirmed  by  the  comparatively  fast  fall  of  the  coefficient 
of  friction  after  the  drying  of  trie  water.  Frictional  connections, 
caused  by  the  seizing  (concretization)  after  their  destruction  at  the 
instant  of  touching  cannot  be  formed  again  in  the  absence  of  water. 

Seizing  possibly  was  observed  in  experiments  [2]:  a  high  coeffi¬ 
cient  of  friction  was  obtained  at  the  first  touching  of  samples,  cried 
after  wetting  by  warm  dry  air;  in  subsequent  touchings  of  these  samples 
the  coefficient  of  friction  also  dropped  rapidly. 
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The  authors  conducted  similar  investigations  for  steel  samples 

[7]. 

Comparing  results  of  experiments  on  the  friction  of  steel  samples 
and  steel  on  caprone,  it  is  possible  to  note  the  following.  The 
coefficient  of  friction  of  steel  samples  treated  by  emery  sandpaper 
changes  during  drying  more  sharply  (from  0.1  to  0.27)  than  during  the 
friction  of  steel  on  caprone  (from  0.22  to  0.35).  In  the  first  case 
the  coefficient  of  friction  changed  by  almost  three  times,  and  in  the 
second  by  only  1.5  times.  This  circumstance  is  very  important  for 
friction  assemblies  in  hydraulic  engineering  constructions.  Since 
the  coefficient  of  friction  during  drying  is  stabler  for  a  steel- 
caprone  pair  the  creation  of  materials  in  the  form  of  compositions  on 
a  plastic  base  with  a  low  and  sufficiently  stable  coefficient  of 
friction  for  work  in  water  and  curing  drying  is  desirable. 

Conclusions 

1.  The  presence  of  water  in  the  case  of  friction  of  clean 
surfaces  of  steel  and  caprone  essentially  does  not  affect  static 
friction. 

2.  The  presence  of  current-conducting  powders  (iron)  in  the 
zone  of  friction  Insignificantly  influences  the  change  of  the  coeffi¬ 
cient  of  friction  during  drying. 

3.  The  presence  of  dielectric  powders  (glass,  abrasive)  in  the 
zone  of  friction  in  combination  with  water  strongly  affects  the 
change  of  the  coefficient  of  static  friction  during  drying. 

4.  The  considerable  increase  of  coefficient  of  friction  when  the 
water  dries  up  can  be  explained  by  the  phenomenon  of  seizing  (concret- 
ization) . 

5.  Inasmuch  as  the  static  friction  of  a  steel-caprone  pair  with 
abrasive  during  drying  changes  less  than  in  tue  case  of  steel  on  steel, 
one  should  recommend  the  use  of  caprone  or  compositions  on  its  hasp 

for  friction  assemblies  of  hydraulic  constructions. 
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THE  INVESTIGATION  OP  GRAPHITOPLAST  FOR 
FRICTION  AND  WEAR  IN  LUBRICATION 
WITH  WATER 

V.  N.  Kpuzhilin 

Graphite  antifriction  materials  possess  an  extremely  favorable 
combination  of  properties,  making  it  possible  to  use  them  in  machine 
building,  in  particular,  in  the  operation  of  face  packings  in  pumps. 
The  use  of  graphitoplast  being  a  composition  of  graphite  and  phenol- 
formaldehyde  resin  in  friction  pairs  is  expedient,  since  in  contrast 
to  other  graphite  materials  it  is  cheap  and  the  technology  of  its 
manufacture  Is  simple. 

During  operation  there  were  determined  the  coefficients  of 
friction  and  wear  of  graphitoplast  with  respect  to  certain  silico- 
organic  plastics  In  lubrication  with  tap  water. 

Tests  were  conducted  on  a  friction  machine  (Fig.  1)  consisting 
of  three  main  units:  a  loading  device  (with  drive),  a  friction  unit 
and  a  device  for  measuring  frictional  force.  The  loading  device 
consists  of  a  lever  system  with  loads  4  and  spindle  1,  on  which  Is 
screwed  holder  2  with  graphite  sample  3-  The  friction  unit  includes 
plastic  sample  5,  which  is  inserted  into  the  housing  of  apparatus  6, 
mounted  on  thrust  ballbearing  7.  The  temperature  of  the  medium  Is 
regulated  by  heat  exchanger  8  and  is  controlled  by  a  thermometer. 

The  device  for  measuring  frictional  force  consists  of  a  dynamometric 
beam  with  strain  gauges  0,  amnllfler  10  and  mi  1 11  voltmeter  11. 


Fig.  1. 


The  adopted  diagram  of  face  contacting  of  hollow  cylindrical 
samples  with  a  coefficient  of  mutual  overlap  close  to  unity  reflects 
the  character  of  friction  contact  in  the  face  packings  of  real  pumps 
[1,  2]. 

The  friction  pairs  were  wet  with  water,  which  fed  into  the 
internal  cavity  of  the  samples  and  penetrated  through  the  contacting 
surfaces  outside  into  the  housing. 

The  experiments  were  conducted  according  to  the  following  method. 

The  samples  were  lapped  on  a  cast  iron  plate,  and  the  graphit- 
oplast  was  lapped  without  the  use  of  abrasive  and  lapping  powders, 
and  the  plastic  —  with  application  of  them  [31.  The  working  surface 
was  thoroughly  washed  with  running  water,  then  rubbed  to  mirror 
brightness  with  heavy  paper.  As  a  result  of  such  treatment  a  high 
class  finish  was  attained;  the  surface  treatment  —  V10.  Before 
testing  the  samples  were  degreased  with  gasoline. 

Then  all  samples  in  the  course  of  two  hours  were  run-in  on  the 
friction  machine  at  a  specific  working  pressure  of  0.56  kgf/cm". 

The  investigations  conducted  by  a  number  of  authors  showed  that  the 
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lapping  of  the  graphite  components  assists  in  the  creation  of  oriented 
films  of  graphite  [4].  After  preliminary  running-in  the  samples  are 
weighed  on  analytic  scales  with  an  accuracy  of  0.0001  g  and  placed 
in  the  friction  machine.  The  duration  of  the  tests  was  equal  to 
8  hours  with  determination  of  wear  by  weighting  after  each  two  hours 

m. 


In  testing  each  friction  pair  three  experiments  were  conducted 
and  for  the  result  the  arithmetic  mean  value  of  wear  was  taken. 

The  deviation  of  the  results  was  not  more  than  2—10 55  (Table  1)  . 

The  relative  average  speed  of  slip  equaled  7«1  m/s;  the  temperature 
of  the  water  was  20°C. 


Table  1. 


Ciunterbody 

Wonr,  mgf 

2  h 

m 

Total 

Plastic  KF-10  (KVCh-9 )• 

2.0 

0.8 

0.8 

0.8 

4,4 

Plastic  KF-9 

1.8 

0.5 

0,5 

0,5 

3.3 

Graphitoplast  ATM-1 

u 

0.2 

0.2 

0.2 

1.8 

•Material  of  laboratory  No,  9,  NIIPP, 


From  rnable  1  it  is  clear  that  the  maximum  wear  of  graphitoplast 
is  observed  with  the  friction  by  plastic  KF-10,  Into  the  composition 
of  the  filler  of  which,  besides  polytetrafluoroethy lene  [teflon-4], 
entered  quartz  sand.  The  highest  wear  resistance  in  water  was 
manifested  by  the  friction  pair  graphitoplast-plastic  KF-9  into 
which  as  a  filler  there  was  teflon-4.  The  curve  of  the  dependence 
of  the  friction  coefficient  on  time  is  depicted  in  Fig.  2.  (1  — 

for  KF-9,  2  -  for  KF-10,  3  -  for  ATM-1). 

The  results  of  the  experiments  showed  that  In  water  there  occurs 
an  increase  In  the  weight  of  the  samples  due  to  the  swelling  of  the 
material.  Therefore  the  swelling  of  graphitoplast  was  investigated 
depending  upon  the  duration  of  its  location  In  water.  The  magnitude 
of  swelling  was  calculated  by  determining  the  magnitude  of  wear  of 
the  samples  [5]. 
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Fig.  2. 


Tests  were  conducted  at  a  temperature  of  20°C.  Material  was 
submerged  in  water  and  kept  there  for  a  certain  time  (Fig.  3) • 


Fig.  3. 


Conclusions 


1.  The  magnitude  of  specific  wear  for  the  samples  of  graphitoplast 
within  the  limits  of  permissible  operating  conditions  does  not  exceed 
0.1  mgf/cm2  h  with  friction  by  plastic  KF-9  and  0,13^  mgf/cm2  h  with 
friction  by  plastic  KF-10. 

2.  The  tests  of  silieo-organic  plastics  with  friction  with 
graphitoplast  showed  that  the  best  anti  frictional  properties  are 
possessed  by  plastic  Kp-9 . 
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COMPARATIVE  INVESTIGATIONS  OF  FRICTION  OF  REST 
OF  CERTAIN  PLASTICS  WITH 
LARGE  SPECIFIC  LOADS 


A.  A.  Kut’kov,  D.  T.  Avdeyev,  and 
A.  I.  Rcmanovskiy 

In  contemporary  designs  of  sluice  gates  guides  are  used  consisting 
of  a  fixed  rail  and  a  mobile  runner.  The  surface  of  the  rail  is  faced 
with  stainless  steel  and  makes  contacts  with  an  insert  of  laminated 
wood  plastic  pressed  into  the  runner.  The  complex  conditions  of 
operation  of  such  a  friction  pair  (water  with  the  addition  of  abrasive 
particles,  great  specific  pressures  of  up  to  400  kgf/lin  cm)  in 
certain  cases  prevent  the  timely  closing  of  the  gate,  which  can  lead 
to  breakdown.  Most  frequently  jamming  of  the  lock  occurs  due  to  the 
Increase  in  static  friction  during  the  time  of  fixed  contact.  There¬ 
fore  the  question  of  the  selection  of  a  friction  pair  able  to  operate 
under  the  above-indicated  conditions  with  a  minimum  difference  in 
the  coefficients  of  static  and  sliding  friction  Is  extremely  impor¬ 
tant  . 


We  conducted  experiments  investigating  the  static  friction  of 
certain  plastics  paired  with  stainless  steel  under  close  to  actual 
conditions.  For  this  a  special  apparatus  was  designed,  the  diagram 
of  which  is  depicted  ir.  Fig,  1.  In  order  to  avoid  manufacturing  a 
complex  and  bulky  load  system,  it  was  decided  to  use  a  ?SU-i2r>  hydraulic 
press . 


2U 


Pig.  1. 


Fixed  housing  20  of  the  apparatus  is  secured  to  self-adjusting 
table  21  of  press  22.  Slider  iJ  with  the  bath  and  with  stainless  steel 
plate  5  was  moved  on  four  ballbearings  IS  planted  at  axis  1 8.  The 
plate  in  cross  section  had  a  curvature  with  a  radius  of  200  mm,  which 
corresponded  to  the  profile  of  the  rail  used  in  the  sluice  gates.  The 
slider  was  shifted  by  screw  1  with  gate  2  and  nut  3. 

Sample  12  in  the  shape  of  a  parallelepiped  with  dimensions 
20  x  40  *  60  mm  was  secured  stationarily  in  special  holder  11  braced 
on  crosspiece  10  of  the  press.  Before  beginning  the  experiment  the 
crosspiece  was  lowered  on  screw  stands  13  until  contacting  the  sample 
with  the  plate.  The  necessary  normal  load  was  created  and  supported 
in  the  process  of  testing  the  press  with  hydraulic  drive,  with  the 
help  of  which  the  table  was  raised  upwards.  The  magnitude  of  load 
was  checked  by  a  manometer. 

After  compression  of  the  samples  the  necessary  time  period  elansed. 
Then  the  shifting  load  was  transmitted  on  the  slider  via  the  nut, 
sphere  6,  thrust  bearing  7  and  tensometerlc  bushing  8.  To  tie  surface 
of  a  bushing  were  glued  wire  resistance  transducers  9,  which  were 
Joined  into  the  circuit  of  the  bridge  and  were  connected  to  amplifier 
16.  Tiie  fractional  force  reading  was  carried  out  on  low-inertia 
ml 1 llammeter ,  because  the  recording  of  frictional  force  on  the  film 


of  a  loop  oscillograph  did  not  show  a  considerable  increase  in  the 
accuracy  of  measurements.  Before  each  experiment  the  bushing  was 
calibrated  with  the  help  of  a  five-ton  hydraulic  press,  but  after 
the  experiment  the  correctness  of  the  calibration  was  checked  and 
only  in  the  case  of  its  coincidence  with  the  initial  one  was  the 
result  ol  the  experiment  considered  correct. 

For  investigating  friction  in  water  into  the  bath  there  was 
poured  technical  water  with  a  general  rigidity  of  16. 3°H. 

A  total  of  four  types  of  plastic  were  investigated:  DSP-G  wood 
plastic,  textolite,  P-68  resin  and  P-68  resin  with  powdery  fillers. 

The  surfaces  of  all  samples  were  processed  to  a  finish  of  V6,  the 
surface  of  stainless  steel  -  to  V7.  Before  the  experiment  the  friction 
surfaces  were  degreased  with  acetone.  The  maximum  time  lag  of  fixed 
contact  corresponded  to  the  conditions  of  the  operation  of  sluice 
locks . 

It  is  necessary  to  note  that  the  static  friction  of  antifriction 
bearings  was  not  considered  and  all  the  results  of  the  experiments 
were  too  high  for  this  value.  If  one  considers  that  the  coefficient 
of  static  friction  of  antifriction  bearings  with  a  change  in  the 
normal  load  varies  slightly,  then  it  is  possible  on  the  average  to 
accept  an  overestimated  value  of  the  coefficient  of  friction  equal  to 
0.007. 

The  results  of  the  experiments  are  given  in  Tables  1  and  2, 
where  in  Table  1  there  are  given  the  coefficients  of  dry  friction, 
and  in  Table  2  -  the  coefficients  of  friction  In  water.  Each  result 
in  tne  tables  is  the  arithmetical  mean  of  the  results  of  three-four 
experiments . 

Analyzing  the  results  of  the  experiments,  it  is  possible  to  draw 
the  following  conclusions: 
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1.  The  static  friction  for  all  samples  decreases  somewhat  with 
an  increase  in  normal  load. 

2.  The  coefficient  of  static  friction  for  textolite  increases 
most  intensively  with  time. 

3.  Static  friction  in  water  for  all  samples  is  somewhat  lower 
than  dry  static  friction. 

4.  The  lowest  coefficients  of  friction  belong  to  P-68  resin 
with  powdery  fillers.  Besides  this  it  has  been  visually  established 
that  pure  P-68  resin  has  residual  deformations  due  to  insufficient 
mechanical  strength. 


Table  1. 


DSP-G  woid 
plastio 

Taxtolite 

P-68 

resin 

P-68  resin 
with  fillers 

fixed 

Normal 

load, 

kg/1  in  cm 

contact, 

min 

1000 

2000 

1000 

2000 

1000 

2000 

1000 

2000 

Coefficient  of  statio  friction 

0.5 

0.41 

0.38 

0.22 

0,20 

OJ25 

0,23 

0,15 

0.13 

5jD 

0,40 

0.34 

0.29 

0,27 

0,28 

0.26 

0.16 

0,13 

10.0 

0,40 

0.32 

0.38 

0,37 

0,29 

0,27 

0.16 

O.I4 

30,0 

0,39 

0.31 

057 

0.55 

O.JU 

0.2* 

0,17 

0,15 

60.0 

0,37 

0.31 

0.62 

0.60 

0,32 

0,30 

0.IS 

0.16 

I 

) 

i 

i 

\ 


i 

l 


Table  2. 


Tim#  of 

DSP-f,  wood 
plastic 

Textelite 

P-68  resin 

P-68  resin 
with  fillers 

'  ' 

fixed 

Normal  load,  kg 

''lin  cm 

oontaot, 

min 

1000 

2000 

1000 

20U) 

1000  j 

|  20CO 

1000  j 

2000 

Coefficient  cf 

Static 

f  rletlon 

0.5 

0.40 

0.38 

050 

0.28 

0.20 

0.18 

0.12 

0,10 

5.0 

0,39 

0,34 

052 

0,30 

0.22 

0,20 

0,i2 

0.11 

10,0 

058 

0,32 

0,39 

0,35 

053 

0.2  i 

0,13 

0,11 

30,0 

0,37 

<>,30 

0,51 

0,16 

0,24 

052 

0.14 

0,12 

60,0 

0,45 

0,39 

056 

0,50 

0,27 

0.23 

0,15 

0,13 
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Considering  the  low  coefficient  of  friction  of  P-68  resin  with 
powdery  fillers  and  its  insignificant  increase  with  time,  the  sufficient 
mechanical  strength  of  the  plastic,  it  may  be  concluded,  that  this 
material  is  promising  fcr  use  in  guides  of  sluice  hydrolocks. 
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r*5TERMINING  PRESSURE  IN  A  HIGH  POLYMERIC  MASS 
DURING  ROLLING 


D.  T.  Avdeyev,  A.  A.  Kut'kov,  S.  M.  Kureyko, 
and  A.  I.  Romano vskiy 

In  certain  chemical  manufactures  the  process  of  rolling  is  used 
to  achieve  final  homogeneity  of  mass  and  the  additional  removal  of 
solvent  from  it  [1,  2]. 

Rolling  is  accompanied  by  great  internal  and  external  friction 
in  the  mass,  and  a  large  quantity  of  heat  is  liberated.  Considering 
the  direct  dependence  of  the  quantity  of  liberated  heat  on  the  opera¬ 
tion  of  frictional  force,  it  is  necessary  to  recognize  the  important 
factor  of  pressure  in  the  mass,  since  it  is  known  that  frictional 
forces  are  proportional  to  normal  pressure.  This  factor  to  a  definite 
degree  can  serve  as  a  criterion  of  the  stability  of  the  technological 
process  of  rolling. 

For  determining  pressure  the  method  of  indirect  measurement 
ha3  been  used,  i.e.,  the  measurement  of  any  parameter  being  function¬ 
ally  dependent  on  pressure. 

Tiie  method  of  direct  measurement  of  pressure  in  a  rolled  mass  Is 
unsuitable,  since  it  is  impossible  to  measure  the  direct  influence  of 
mass  on  the  operating  unit  ol  an  lnstrumer*-  .  The  measurement  of  pres¬ 
sure  with  the  help  of  dynamometers  and  crushers  does  not  make  it 
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possible  to  record  the  rapid  oscillations  of  pressure  due  to  the  great 
inertness  of  the  rollers,  therefore  it  also  cannot  be  used  in  this 
case . 

A  method  of  determining  pressure  in  a  mass  must  satisfy  the 
following  requirements:  1)  continuity  of  pressure  measurement; 

2)  automatic  recording  of  pressure  parameters  linked  with  time; 

3)  stability  of  the  operation  of  the  equipment  for  a  period  of  5  days. 

To  discover  a  parameter,  which  would  be  a  function  of  pressure 
in  a  rolled  mass,  investigation  of  the  operation  of  the  rolling 
machine  was  carried  out. 

Let  us  consider  an  equation  of  the  operation  of  a  rolling  machine: 

A  -  A  ,  where  A  —  the  operation  of  all  effective  forces,  A  —  the 
n  c  *  n  c  ’  c 

operation  of  all  resisting  forces. 

The  operation  of  all  resisting  forces  A  =  A  +  A  ,  where 
y  e  c  n  ■  c  t  * 

A„  the  operation  of  the  forces  of  useful  resistances,  A  -  the 
n  •  c  5  r 

operation  of  friction  forces. 

In  turn,  the  operation  of  the  forces  of  useful  resistances 
consists  of  the  following  components: 

^rc  ~  "t*  "f* 

where  A  -  the  ODeration  of  pressing  a  cold  Darticle  Into  a  heated 
mass,  Ap  —  the  operation  cf  crushing  a  cold  particle,  Aq  t  -  the 
operation  of  cutting  tablets,  A  -  the  operation  of  crumpling  a  hot 
mass,  into  which  enters  the  work  of  shifting  a  mass  along  a  roller. 

Let  us  consider  individually  all  the  components,  of  which  the 
operation  of  the  forces  of  useful  resistances  consist.  It  Is  possible 
to  assume  that  the  properties  of  a  hot  mass  approximate  the  properties 
of  a  liquid,  and  the  properties  of  a  cold  mars  —  the  properties  nf  a 
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solid.  Then  with  the  forcing  of  a  cold  maBS  Into  a  hot  one,  process 
will  obey  Newton's  law  for  the  movement  of  a  solid  In  a  liquid,  i.e., 
i  *  ~t,  where  6  -  the  displacement  rate  of  a  solid  particle  in  a 
liquid  medium,  X  -  the  parameter  of  the  distribution  of  solid  particles 
along  the  length  of  a  roller,  n  -  the  visccsity  of  the  liquid,  t  -  the 
pressure  in  the  mass. 

Since  the  fluted  surface  of  the  rollers  does  not  allow  relative 
slipping  of  cold  particles,  it  may  be  concluded,  that  the  depth  of 
the  pressing  in  will  be  a  function  of  the  angle  of  rotation  of  the 
roller*. 

*-/(?).  (1) 

where  <j>  —  the  angle  of  rotation  pf  the  roller. 

Having  differentiated  by  equation  time  (1),  we  will  find  6. 

Then  the  pressure  in  the  mass  t  *  f ^  ■  r|  or  in  the  genejral 

form  x  =  f £ ( ) ,  Since  parameters  n  and  X  can  be  considered  constants. 

The  operation  of  pressing  in  will  be  equal  to  xsfi  =  f^(  <J>)  •  s  •  f  (<p) , 
where  s  -  the  total  parameter  of  all  pressed  in  particles,  which  with 
the  uniform  supply  of  the  cold  mass  it  is  possible  to  consider 
constant . 

Consequently,  in  the  general  form  \  -  fo(<|0*s. 

B  c 

Thus,  the  work  expended  on  pressing  the  cold  particles  into  the 
heated  mass  is  a  function  of  the  angle  of  rotation  of  the  rollers: 

“  ^»(f  )• 

If  a  particle  of  cold  mass  according  to  dimensions  is  larger  than 
the  clearance  established  between  the  rollers,  then  after  pressing  It 
Into  a  heated  mass  crushing  of  the  particle  will  begin.  Since  a  cold 
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mass  with  respect  to  its  mechanical  properties  differs  sharply  from 
metals  and  does  not  obey  Hooke's  law  with  defoliation,  then  it  will 
be  most  correct  to  examine  it  as  an  elastic-viscous  body. 

A  comparatively  simple  equation  describing  the  process  of  the 
deformation  of  an  elastic-viscous  body  is  the  Ishlinskiy  equation: 

T -f-  —  8j b  f  ( 2 ) 

where  T  -  the  rate  of  application  of  the  load;  T  -  the  force  acting 

0 

on  the  particle;  6^  -  the  rate  of  deformation;  6^  -  the  magnitude 
of  deformation  r., ,  n  and  b  -  the  rate  of  relaxation,  the  rate  of 
aftereffect  and  the  rigidity  of  the  deformed  body  [3]. 

It  is  obvious  that  the  magnitude  of  deformation  and  its  rate 
will  be  functions  of  the  angle  of  rotation  of  the  roller.  Then 
differential  equation  (2)  will  have  the  general  form:  T  =  f^(<j>), 
since  r^ ,  n  and  b  are  constants. 

Multiplying  T  by  X  and  <3^  we  obtain  the  work  expended  on  crushing 
Ap  *  TXS^  =  X •  f ^ )  •  f (<f>) ,  i.e.,  the  work  of  crushing  is  a  function 
of  an  angle  of  rotation: 


A,  =  *,(?'. 

The  work  of  cutting  tablets  can  be  disregarded,  since  it  is 

small.  The  work  expended  on  crumpling  a  hot  mass  can  be  expressed 

through  the  work  of  circumferential  force  P  on  a  certain  shift, 
kN 

where  P  =  — ,  where  k  —  the  proportionality  factor  or  the  coefficient 
of  rolling  friction,  N  -  the  magnitude  of  a  normal  load  on  a  hot  mass, 
r  -  the  radius  of  the  roller. 

Since  a  shift  along  the  circumference  will  also  be  a  function  of 
an  angle  of  rotation,  then 

A ,  *  At{f). 
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Thus  it  has  been  established  that  the  work  of  all  the  forces  of 
useful  resistances  is  a  function  of  the  angle  of  rotation  of  the 
roller 


The  work  of  the  friction  forces  in  the  bearings  of  the  shafts 
will  be  expressed  as  a  moment  of  frictional  force  multiplied  by  an 
angle  of  rotation  AT  *  FT<f>. 

It  I3  known  that  friction  moment  MT  »  Rf^,  where  R  —  the  total 
reaction  at  the  supports,  f  -  the  coefficient  of  sliding  friction  in 
the  supports,  d  -  diameter  of  the  journal. 

It  is  obvious  that  with  a  constant  pressure  between  the  rollers 
the  work  of  the  friction  forces  will  be  a  function  of  the  angle  of 
rotation : 


Thus,  the  equation  of  machine  work  is 

Am  -  +  ^»(?), 

The  work  of  the  effective  forces  is  equal  to  the  product  of  the 
torque  by  the  angle  of  rotation,  Consequently, 

_  +  ( 3 


where  —  torque. 

Torque  will  remain  constant  with  the  preservation  of  the  constant 
of  all  parameters  of  the  rolled  mass. 


Let  us  write  equation  (3)  in  the  expanded  form: 


1 


Af, 

Af. 


«J,+rxal+*ivf+i?4t 


us  nil  _  d 

—  +  —  +  AAT  +  #•/• 

?  f  •  . 


All  members  of  the  right  side  of  the  last  equation  contain  the 
magnitude  t,  T,  N,  and  R  depending  on  the  pressure  in  the  mass. 
Therefore  torque  with  a  constant  number  of  turns  (which  is  observed 
in  rolling)  is  a  function  of  the  pressure  in  the  mass  located  between 
the  rollers 


Mi  *  Af^jjiJi 

where  T  -  the  total  pressure. 
cyM 

Considering  the  functional  dependence  of  torque  on  pressure  in 
a  mass  located  between  the  rollers  it  is  possible  to  conclude,  that 
indirect  measurement  of  pressure  in  a  rolled  mass  is  possible  by 
measuring  the  torque  on  the  driving  shaft  with  corresponding  calibra¬ 
tion  of  the  instrument. 

The  most  convenient,  exact  and  contemporary  method  of  measuring 
torque  is  by  the  use  of  wire  resistance  transducers  glued  on  the  shaft. 
The  developing  impulse  with  the  help  of  a  special  slip-ring  is  supplied 
to  a  potentiometer  and  can  be  recorded  on  paper  tape.  This  method 
of  measuring  torque  on  the  shaft  of  a  screw  press  which  has  shown  high 
accuracy  and  stability  of  operation  has  been  developed  and  tested  in 
our  laboratory.  The  employed  equipment  is  general-purpose  and  without 
alterations  can  be  used  for  measuring  torque  on  the  driving  shaft  of 
rollers . 

Since  the  majority  of  parameters  determining  the  mechanical 
properties  of  a  mass  (rheological  constants,  viscosity,  coefficients 
of  Internal  and  external  friction  and  others)  are  unknown,  then  to 
determine  by  calculation  the  dependence  of  torque  on  pressure  in  a 
mass  is  impossible.  Therefore  direct  calibration  with  respect  to  a 


previously  known  pressure  is  necessary.  The  calibration  can  be  carried 
out  with  help  of  dynamometers  or  crushers  built-into  the  rollers. 
However  this  is  connected  with  great  design  and  technological  diffi¬ 
culties  . 

We  proposed  a  simpler  and  sufficiently  exact  method  of  calibrating 
by  passing  between  the  rollers  of  bands  of  soft  metal,  for  example 
copper. 

It  is  known  that  the  rolling  moment  of  a  copper  band  is  expressed 

by  the  following  formula  [4]:  *  2P  tob  rAh,  where  P  -  the 

*  np  cp  cp  cp 

average  specific  pressure  on  the  rollers,  bcp  -  the  average  width  of 
the  band  before  and  after  roiling,  Ah  -  the  difference  in  the  thick¬ 
ness  of  the  band  before  and  after  rolling,  ip  —  the  coefficient  of 
an  arm  of  resultant  pressure  of  a  metal  on  rollers  (it  is  assumed 
equal  to  0.48  [4]),  r  —  the  radius  of  the  roller. 

Prom  this  equation  we  determine  the  average  pressure: 

Af„„ 

p'*  ~  •**•/'•  AA  ’ 

It  is  possible  also  to  use  the  prepared  data  on  the  rolling  of 

copper  bands,  available  in  literature.  For  example,  according  to 

Korolev  [5],  in  the  rolling  of  a  copper  band  with  a  width  of  50  mm 

with  a  thickness  of  from  3-0  to  1.8  mm  on  rollers  with  a  diameter  of 

2 

250  mm  there  was  obtained  an  average  pressure  of  45  kgf/mm  .  According 
to  the  same  author,  in  a  narrow  range  of  tape  width  the  magnitude  of 
total  pressure  is  proportional  to  the  width  of  the  band.  Consequently, 
by  changing  the  width  of  the  band,  it  Is  possible  to  calibrate  the 
instrument  at  a  different  pressure  range. 


Oonclus Ions 


1.  Direct  methods 
measuring  pressure  in  a 


of  measuring  pressure 
rolled  mass. 


are 


unsuitable 


for 
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2.  The  use  of  dynamometers  crushers  is  possible,  however  it 
is  connected  with  great  difficulties  and  does  not  ensure  continuous 
measurement  of  pressure. 


3.  Torque  on  a  driving  shaft  depends  on  the  pressure  in  the 

mass . 

4.  For  measuring  pressure  in  a  rolled  mass  there  has  been 
proposed  the  use  of  an  indirect  method  consisting  of  measuring  torque. 


5.  There  has  been  recommended  for  this  purpose  the  use  of 
general-purpose  equipment  created  by  the  laboratory  for  measuring 
torque  on  the  shaft  of  a  press. 

6.  There  has  been  developed  a  method  of  direct  calibration  of 
an  instrument  by  rolling  copper  bands  with  different  width. 
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ANTIFRICTION  PROPERTIES  AND  WEAR 
RESISTANCE  OF  POLYAMIDE  RESINS 
WITH  A  GRAPHITE  FILLER  IN 
LUBRICATION  WITH  WATER 

M.  Sh.  Imanov 

For  the  creation  of  simple  and  reliable  designs  of  immersed 
electric  pumps  of  especially  great  importance  is  the  broad  introduction 
of  friction  pairs  operating  well  on  water  lubrication  and  not  requiring 
the  use  of  scarce  materials.  The  metal-rubber  friction  pairs  utilized 
at  present  under  unstable  operating  conditions,  when  the  lubricating 
water  wedge  is  absent,  quickly  wear  out. 

In  NPI  the  laboratory  of  new  anti fri ctional  materials  there 
has  been  produced  a  plastic  material  based  on  polyamide  resins  with 
a  graphite  filler.  The  purpose  of  this  work  Is  the  investigation 
of  the  antifriction  properties  and  the  wear  resistance  of  this 
material  paired  with  stainless  steel  lubricated  by  water,  as  applied 
to  the  operating  conditions  of  friction  units  of  Immersible  electric 
pumps . 

A  study  of  the  antifrictional  properties  and  the  wear  resistance 
of  polyamide  resins  with  a  graphite  filler  in  combination  wit*  stain¬ 
less  steel  was  carried  out  both  with  hydrodynamic,  and  also  with 
Imperfect  lubrication. 
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As  a  lubricant  tap  water  with  a  general  hardness  of  l6.23°H  at 
a  temperature  of  10-20°C  was  used.  The  plastic  samples  were  made 
in  the  form  of  cylindrical  bushings  with  a  length  of  17.846  mm,  and 
the  surface  of  the  samples  tested  with  hydrodynamic  lubrication  was 
treated  along  the  profile  ensuring  these  operating  conditions. 

The  metallic  samples  are  made  of  stainless  steel  not-heated  to 
redness.  Their  surface  was  lapped  on  a  plate  with  lapping  powders 
to  a  finish  of  79.  After  this  the  sample  was  thoroughly  washed  to 
remove  the  abrasive.  The  finish  of  the  surface  of  the  plastic  sample 
corresponded  to  76.  In  testing  the  following  external  parameters 
were  adopted: 

a)  with  hydrodynamic  lubrication:  the  number  of  turns  n  =  3250 

2 

r/min,  slip  rate  v  =  7  m/s,  specific  pressure  q  =  10  and  15  kgf/cm  , 

o 

area  of  the  friction  surface  S  ■  2.1  cm'; 

p 

b)  with  imperfect  lubrication:  v  =  7  m/s,  q  =  8  kgf/cm  ,  S  =  3.4 

cm2. 


The  linear  method  of  measuring  wear  and  swelling  (with  a  micro¬ 
meter)  was  adopted.  The  amount  wear  was  determined  according  to  the 
following  formula: 


</  «  /„  +  A/  - 

where  l  —  the  length  of  the  plastic  sample  before  wear;  LI  —  the 
swelling  of  the  sample,  corresponding  to  the  time  of  wear  measurement: 
Zp  -  the  length  of  the  sample  after  wear. 

The  antifriction  properties  of  the  tested  pair  of  materials  were 
determined  by  the  value  of  the  friction  coefficient.  The  friction 
moment  arising  during  the  friction  of  the  samples  was  determined  by 
tenSometerlng.  On  beam  7  (Fig.  1)  wire  resistance  gages  were  rlued. 
Under  the  effect  of  the  friction  moment  cup  3  tending  to  turn  was 
pressed  on  the  end  of  the  beam  by  lever  6.  With  deflection  of  the 
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beam  the  electrical  resistance  of  the  wire  changed,  and  with  respect 
to  this  change  it  was  possible  to  judge  the  amount  of  deformation 
of  beam.  The  electrical  signal  was  fed  through  the  amplifier  to 
the  instrument,  which  showed  the  magnitude  of  the  moment  of  friction 
(after  calibration). 


Pig.  1. 


Knowing  the  moment  of  friction  M  and  load  N  it  is  possible  to 
determine  the  coefficient  of  friction: 


.  WUtf  -  r,*)  , ,  , 

f~  2A W-  r,>)  ’ 

where  and  ~  the  internal  and  external  radii  of  tne  plastic 
sample.  Each  test  was  repeated  three  times. 

In  Fig.  I  the  working  unit  ot  the  face  friction  machine  is  shown. 
Into  spindle  5  of  the  machine  pla.  tic  annular  sample  1  was  Inserted, 
being  rubbed  by  the  face-surface  on  fixed  sample  The  rotation  of 
sample  1  inside  the  spindle  was  prevented  by  two  set  screws  H. 

Sample  2  placed  in  a  cup  with  water;  its  rotation  was  prevented  t  v 
screw  ■) .  During  the  operation  of  the  machirr  sample  1  tended  to 
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start  into  rotation  sample  2,  and  consequently,  water  cup  3.  The 
rotation  of  the  cup  was  prevented  by  the  rest,  which  was  simultaneously 
tensometeric  beam  7.  The  designed  apparatus  makes  it  possible  to  carry 
out  testing  at  400,  1400,  and  3250  r/min. 

At  the  beginning  of  the  tests  the  swelling  of  the  plastic  sample 
was  determined.  In  Pig.  2  a  curve  is  constructed,  showing  the  change 
in  swelling  depending  upon  time.  After  48  hours  the  average  magnitude 
of  swelling  was  0.021  mm,  subsequent  swelling  did  not  occur. 


Fig.  2 . 


After  this  the  values  of  wear  and  the  coefficient  of  friction  with 

hydrodynamic  lubrication  were  determined.  Under  such  operating 

conditions  wear  of  the  plastic  sample  was  observed  only  during  starts 

and  stops  (after  ?  ?  hours  of  operation).  The  value  of  wear  of  the 

2 

plastic  sample  (  .i  pressures  of  10  and  15  kgf/cm  )  Is  given  in  Table 

1. 


After  50  hours  of  operation  wear  on  the  surface  of  the  steel 
sample  could  not  be  detected.  The  working  surfaces  of  the  steel 
and  plastic  after  the  experiments  were  mirror-like.  On  the  average 
the  coefficient  of  friction  for  the  pair  was  0.007-0.008. 

Subsequently  tests  were  conducted  with  imperfect  lubrication, 
since  the  antifriction  properties  and  the  wear  resistance  of  the 
materials  more  clearly  apoear  during  operation  under  such  conditions . 


The  shape,  the  surface  finish  and  the  dimensions  of  the  samples  were 
the  same,  but  the  surface  of  the  plastic  samples  was  made  without  a 
profile,  providing  a  hydrodynamic  regime  of  friction.  The  amounts  of 
wear  are  given  in  Table  1.  After  31  hours  of  operation  wear  on  the 
steel  sample  could  not  be  detected.  The  surfaces  of  both  samples  were 
mirror-like.  The  coefficient  of  friction  was  determined  by  formula 
(1)  at  a  different  time. 


Table  1. 


Lubrication 

Specific 

pressure, 

k/Tf/onK 

Operating  time,  h 

Wear,  mm 

3 

not  observed 

15 

0,016 

21  ■ 

0,02(1 

10 

-8 

0,025 

40 

0,035 

47 

0.04-J 

o 

50 

0.0V. 

s 

0 

i 

1 

r.ot  observed 

u 

8 

6,015 

>> 

13 

0,020 

15 

20 

0,025 

2# 

0,030 

3*J 

0.034 

35 

0,038 

1 

3 

0.012 

10 

0,037 

o 

17 

0.059 

© 

8 

2-1 

0,0/5 

3? 

0.09O 

38 

0,120 

•H 

45 

O.i  26 

Then  the  dependence  of  the  coefficient  of  friction  on  sped 
pressure  (Fig.  3)  was  investigated  at  different  times  after  the 
beginning  of  operation  (curve  1  -  after  1  min,  curve  2  -  after  r 
"urve  3  •-  after  24  h) .  From  the  chart  It.  Is  -dear  that  with  the 
increase  of  specific  pressure  to  ll-.ld  kgf/onf  the  coefficient  o 
friction  decreases,  and  then  remains  constant. 


fl 


f 


c 


o  z  4  «  a  *  H  ftfkgf/om2 
Pig.  3. 

Conclusions 

1.  The  swelling  of  the  tested  plastic  sample  was  insignificant. 

2.  The  most  intense  wear  of  a  plastic  sample  is  observed  during 
the  running-in  period. 

3.  The  amount  of  wear  of  a  plastic  sample  in  lubrication  with 
tap  water  is  insignificant. 

4.  The  wear  of  steel  samples  is  practically  absent. 

5.  Coefficient  of  friction  of  this  pair  in  hydrodynamic  lubri¬ 
cation  with  water  is  0.007-0.008,  and  in  imperfect  lubrication 
0.09-0.02  (the  larger  value  corresponds  to  the  beginning  of  operation) 

6.  The  coefficient  of  friction  decreases  to  a  certain  limit 
with  an  increase  in  specific  pressure. 


COMPARATIVE  INVESTIGATION  OP  THE  FRICTION 
OF  STEEL  AND  PLASTIC  SAMPLES  UNDER 
THE  EFFECT  OF  SHOCK  LOADS 

D.  T.  Avdeyev  and  S.  N.  Litvinenko 

In  contemporary  machines  there  are  friction  subassemblies 
operating  under  sharply  changing  shear  loads,  close  to  shock  loads. 

The  friction  with  such  loads  has  almost  not  been  studied,  and  a  method 
of  testing  does  not  exist.  Therefore  investigations  of  this  type 
are  of  great  Interest. 

We  Investigated  the  sliding  friction  of  steel  and  plastic  samples 
paired  with  steel  during  shock  load.  An  experimental  device  was 
assembled  from  a  pendular  hammer  and  special  attachment  to  it. 

The  attachment  (Fig.  1)  had  stand  1  with  two  levers  2.  With  the 
suspension  of  loads  3  the  levers  transmitted  force  to  movable  pins 
^ ,  between  which  was  pressed  sample  5  located  in  mandrel  6.  The  use 
in  the  attachment,  of  two  levers  made  it  possible  to  place  the  sample 
exactly  In  the  center.  Before  placing  the  sample  the  pendulum  of 
the  pile  driver  was  raised  tc.  the  upper  position.  The  sample  was 
held  in  the  fixed  state  for  a  definite  time,  then  the  pendulum  was 
released,  which,  striking  the  hardened  mandrel,  drove  1r  from  the 
attachment.  From  the  height  of  the  rise  of  the  pendulum  after  the 
blow  there  was,  determined  the  work  expended  in  ovorcom!  nr  the  friction 
of  the  surfaces  of  the  sample  op.  the  surface  of  the  pins. 


/i  3 


Pig.  1. 


In  order  to  eliminate  the  work  expended  on  increasing  the  kinetic 
energy  of  the  sample  with  the  mandrel,  they  before  the  experiment 
were  suspended  in  the  zone  of  the  impact  on  thin  wires .  After  this 
an  impact  was  produced  and  the  work  was  determined,  which  had  been 
expended  on  imparting  the  kinetic  energy  to  sample  with  mandrel 
without  friction. 

The  experimental  data  were  processed  by  the  formula: 

.  A  —  A,, 

fa  - - 1 

sN 

where  f  -  the  coefficient  of  sliding  friction,  A  -  the  complete  work 
in  knocking  out  the  sample,  A  -  the  work  expended  on  increasing  the 
kinetic  energy  of  the  sample,  s  —  the  path  of  friction,  N  -  the 
normal  load  on  the  sample. 

With  respect  to  the  above  described  method  at  first  the  effect 
of  Increasing  the  normal  load  on  the  coefficient  of  friction  with 
impact  was  investigated  for  a  steel-steel  pair  with  dry  and  with 
boundary  lubrication. 

The  length  of  a  steel  samule  of  steel  3  equaled  20  mm,  a  diameter 
of  10  mm.  Its  faces  being  friction  surfaces  were  treated  to  a  class 
6  finish.  The  same  processing  finish  was  also  possessed  by  the 
friction  surfaces  of  the  pins  made  of  steel  Jip.  With  dry  friction 
the  surfaces  were  degreased  with  carbon  tetrachloride;  in  the  inves¬ 
tigating  boundary  friction  —  they  were  lubricated  with  a  .‘In*?  layer 
of  rlcinoleic  acid.  The  holding  of  the  samples  !n  the  fixed  position 
lasted  one  minute. 

h  U 


The  results  of  the  experiments  are  shown  on  the  graph  (Pig.  2), 
where  each  point  of  the  curves  is  the  average  value  of  the  results 
of  six  experiments.  It  is  readily  evident  that  the  coefficient  of 
friction  increases  with  an  increase  in  load  considerably  faster  with 
friction  dry  (curve  1)  then  with  boundary  friction  (curve  2). 


F?  kgf 

Fig.  2. 


Thus,  it  is  possible  to  draw  the  conclusion  that  for  a  steel- 
steel  pair  with  identical  loads  the  Amontons-Coulomb  law  Is  correct 
only  for  boundary  friction  conditions. 

Then  the  friction  of  plastic  samples  on  steel  was  investigated. 
Samples  of  the  same  dimensions  as  the  others  were  made  from  poly¬ 
ethylene  with  fillers.  The  surface  processing  corresponded  to  class 
6  finish. 

The  experimental  method  was  analogous  to  that  used  for  the 
steel  samples.  The  experiments  were  conducted  with  dry  friction 
(the  steel  surfaces  were  degreased,  and  the  plastic  ones  were 
thoroughly  lapped)  and  with  lubricant  TsIATIM-201,  which,  as  is 
known,  forms  good  boundary  layers  on  the  surface  of  plastic:-.. 

The  results  of  experiments  showed  (Fig.  3)  that  with  dry 
friction  (curve  1),  a  greater  spread  of  points  is  observed  than 


with  boundary  friction  (curve  2).  With  an  increase  in  load  the 
coefficient  of  friction  decreased  with  dry  friction,  and  with  boundary 
friction  was  changed  insignificantly. 


Consequently,  it  is  possible  to  draw  the  conclusion  that  the 
Amontons-Coulomb  law  is  corrected  only  for  the  boundary  friction  of 
steel-steel  and  steel-plastic  frictional  pairs  under  the  effect  of 
shock  loads. 


H6 


mu 


m 


INVESTIGATING  THE  EFFECT  OF  CERTAIN  TYPES 
OF  CORROSION  INHIBITORS  AND  ANTICORROSIVE 
COVERINGS  ON  THE  WEAR-RESISTANCE  OF  A 
STEEL-POLYAMIDE  FRICTION  PAIR  WITH 
OPERATION  IN  WATER 

A.  A.  Kut'kov  and  V.  I.  Vishnyakov 

The  existing  antifrictional  materials  (bronze,  babbitt)  in  most 
cases  are  absolutely  unsuitable  for  work  in  water  due  to  the  increased 
wear  of  the  high  coefficients  of  friction  and  the  susceptibility  to 
corrosion. 

At  present  numerous  works  are  being  conducted  on  selecting  or 
developing  antifrictional  materials  intended  for  operation  in  water. 
Especially  promising  materials  are  the  high  polymers  or  the  plastics 
based  on  them.  In  many  cases  the  polyamide  resins  of  the  caprone 
type,  P-68  and  others  have  acquitted  themselves  well. 

Numerous  investigations  have  shown  that  one  o°  the  significant 
deficiencies  of  polyamide  resins  as  antifrictional  materials  is  the 
considerable  wear  of  the  journals  of  steel  shafts.  For  a  long  time 
this  phenomenon  did  not  receive  an  explanation,  but  the  works  of 
G.  V.  Vinogradov  [1],  and  also  those  of  V.  A.  Kargin  and  G.  I,. 
Slorilmskiy  [?]  revealed  the  essence  of  the  processes  occurring  on 
the  friction  surface  of  polyamides.  The  surfaces  of  plastics, 
especially  polyamides,  in  the  presence  of  friction  are  di sti ngui shed 


by  their  high  cnemical  activity,  which  is  explained  by  the  process  of 
the  breaking  of  the  macromolecules  with  subsequent  formations  of  free 
radicals  and  ion-radicals.  The  radicals  formed  under  the  effect  of 
oxygen  in  the  air  are  rapidly  changed  into  peroxides,  which  are 
active  oxidizers,  which  bring  about  oxidizing  wear  of  a  steel  surface. 

According  to  the  classification  of  B.  I.  Kostetskiy  [3]  oxidizing 
wear  is  that  type  of  wear,  in  which  the  characteristics  of  the  work 
of  friction  depend  on  the  phenomena  of  oxygen  diffusion  into  the 
surface  layer  of  a  metal  deformed  by  friction  and  the  formation  of 
a  solid  solution  of  oxygen  in  the  metal  and  its  chemical  compounds 
(for  iron:  PeO,  Pe^O^,  Fe^O^).  Thus,  it  is  possible  to  expect  that 
with  friction  of  steel  on  a  polyamide  in  water  there  will  be  observed 
intense  oxidizing  wear  of  the  steel.  In  the  presence  in  water  of 
corrosion  inhibitors  or  in  the  presence  on  a  steel  surface  of  a  layer 
of  anticorrosive  covering  the  wear  of  steel  can  be  decreased. 


For  checking  the  effect  of  corrosion  inhibitors  and  anti¬ 
corrosive  coverings  on  the  wear  resistance  of  steel  with  friction 
in  water  experimental  investigations  were  carried  out.  Experiments 
were  conducted  on  a  face  friction  machine  (Pig.  1).  The  upper 
rotating  sample  4  In  the  form  of  a  bushing  (Dxd  =  24  *  18  mm)  was 
made  of  steel  (steel  45)  with  a  finish  of  a  working  surface  of  79 . 
Lower  sample  5  having  the  shape  of  a  disk  was  made  of  P-68  resin. 

Its  working  surface  was  machined  on  a  lathe  to  a  finish  of  77.  The 
moment  of  friction  was  measured  with  electric  strain  gages  1  glued 
onto  bracket  beam  2.  The  magnitude  of  the  moment  of  friction  (the 

coefficient  of  friction)  was  recorded  on  the  tape  of  a  potentiometer. 

2 

Specific  load  in  all  cases  equaled  10  kgf/cm  ,  and  the  peripheral 
velocity  —  1.2  m/s.  Of  the  corrosion  inhibitors  of  steel  there  were 


selected  calcium  bicarbonate  (Ca(HCO^)  ^ ) »  sodium  nitrate  (flaMO  ), 
sodium  sulfate  ( Na^SO^ )  and  gallic  acid  (C^HgO^).  Calcium  bicarbonate 
forms  on  the  surface  of  steel  films  of  insoluble  carbonates;  sodium 


nitrate  possesses  a  passive  action,  sodium  sulfate  absorbs 
and  gallic  acid  provides  shielding  of  tne  surface  [4], 


4  8 


oxy men , 


In  all  cases  of  the  tests  were  conducted  in  a  1%  solution  of 
inhibitor  in  tap  water,  which  was  poured  before  each  experiment 
into  bath  3  (Pig.  1).  Of  the  protective  coverings  there  were 
selected  alkaline  and  acid  oxidizing  parkrr' Izing  and  burnishing. 

In  tests  with  inhibitors  each  experiment  lasted  15  hours.  The  time 
was  established  by  a  series  of  preliminary  experiments,  which  showed 
that  during  15  hours  of  operation  under  the  above-indicated  regimes 
of  friction,  a  steel  sample  wore  in  water  by  30  ym.  This  value, 
according  to  our  assumptions,  constitutes  a  sufficient  criterion  for 
comparison  with  the  values  of  other  wears.  In  Investigating  the 
effect  on  wear  resistance  of  anticorrosive  coverings  an  experiment 
was  terminated  as  soon  as  the  covering  was  worn  off,  which  was  indicated 
by  the  variation  in  the  value  of  the  coefficient  of  friction.  In 
Fig.  2  a  graph  is  depicted,  showing  the  amount  of  wear  of  a  steel 
sample  during  operation  in  water  without  inhibitors  1  and  with 
inhibitors:  calcium  bicarbonate  2,  sodium  nitrate  3,  sodium  sulfate 

and  gallic  acid  5-  In  Fig.  3  shown  curves  are  characterizing  the 
value  of  the  coefficient  of  friction  during  operation  in  the  .name 
media.  In  Fig.  4  a  graph  is  depicted,  showing  the  value  of  wear  during 
operation  in  water  of  a  steel  sample  without  coverings  1  and  steel 
samples  with  coverings  produced  by  alkaline  oxidizing  2,  acidic 
oxidizing  3,  parkerlzlng  4  and  burnishing  5,  and  in  Fig.  5  - 
■■ nracteri zing  the  value  of  coefficients  of  friction. 


H9 


curves 


The  investigations  show  that  the  corrosion  inhibitors  and  the 
anticorrosive  coverings  have  a  definite  effect  on  the  antifriction 
characteristics  and  the  wear  resistance  of  steel  under  the  effect 
of  friction.  Thus,  the  wear  of  a  steel  sample  during  the  time  of 
testing  with  operation  in  water  containing  2%  gallic  acid  was  three 
times  less  than  the  wear  of  the  same  sample  operating  in  water. 

The  wear  of  steel  is  considerably  decreased  by  calcium  bicarbonate 
forming  films  of  insoluble  carbonates  or.  a  friction  surface. 

The  coefficients  of  friction  also  to  a  considerable  extent 
depend  on  the  presence  of  corrosion  inhibitors  and  anticorrosive 
coverings.  For  example  the  coefficient  of  friction  with  the  presence 
of  gallic  acid  in  water  is  reduced  by  half.  Furthermore,  the 
character  of  friction  is  noticeably  changed;  it  becomes  more  even, 
smoother.  The  use  of  calcium  bicarbonate  also  decreases  friction. 
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Coverings  also  decrease  oxidizing  wear  and  in  certain  cases  considerably 
reduce  the  coefficients  cf  friction.  Coatings  produced  by  burnishing 
and  then  by  alkaline  oxidizing  work  better  in  water  than  others. 

Conclusions 


1.  Corrosion  Inhibitors  have  a  significant  effect  on  the  wear 
resistance  and  the  frictional  properties  of  steel  under  conditions 
of  oxidizing  wear.  With  the  presence  in  water  of  certain  inhibitors 
oxidizing  wear  of  steel  is  decreased  and  the  value  of  coefficients 
of  friction  is  reduced. 


2.  Certain  antifriction  coverings  to  a  considerable  extent 
decrease  the  oxidizing  wear  of  steel  and  improve  the  frictional 
characteristics . 
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CERTAIN  QUESTIONS  CONCERNING  THE  FRICTION 
OF  PLASTICS  BASED  ON  POLYAMIDE  RESINS 
WITH  A  FILLER  WITH  WATER  LUBRICATION 

A.  A,  Kut'kov  and  M.  Sh.  Imanov 

In  work  fl]  there  was  expounded  a  method  and  certain  results  of 
investigations  of  the  antifriction  properties  and  the  wear  resistance 
of  plastics  based  on  polyamide  resins  with  a  111  ■?.-  wL.n  operating 
paired  with  stainless  steel  and  with  tap  water  lubrication. 

In  the  present  work  new  results  are  given  obtained  in  the 
investigation  of  the  antifriction  properties  cf  the  above-mentioned 
material  when  operating  paired  with  stainless  steel  and  bronze. 

Tests  were  also  conducted  in  tap  water.  Furthermore ,  there  are 
given  empirical  formulas  obtained  in  the  mathematical  processing 
of  experimental  data,  which  can  be  used  in  engineering  calculations. 

The  running-in  time  of  plastic  samples  was  determined  by  plotting 
a  graph  of  the  dependence  of  the  coefficient  of  friction  on  operating 
time  (Fig.  1),  inasmuch  as  the  methods  of  Gersi  and  M.  M.  Khrushchov 
[2]  for  this  group  of  materials  are  unsuitable.  During  testing  the 
temperature  of  the  surface  and  the  slip  rate  remaining  constant,  for 
which  the  coefficient  of  friction  did  not  change  after  running  in. 

In  Fig.  1  transition  Doint  A  is  noted,  the  abscissa  o*'  which  shows 
the  running-in  time  of  the  material.  This  is  also  confirmed  by  the 
state  of  the  friction  surface,  since  at  the  time  corresponding  to 


the  time  of  termination  of  running  in  the  surface  acquires  a  mirror- 
like  luster  [3].  The  experiments  show  that  the  time  of  running  in 
of  the  tested  plastic  in  operation  in  tap  water  on  stainless  steel  is 
5  hours,  if  p  *  3.5  kgf/cm  (curve  1)  and  4  hours,  if  p  ■  6  kgf/cm 
(curve  2). 


Tests  were  subsequently  carried  out  to  evaluate  the  antifriction 

properties  of  polyamide  with  a  filler  when  operating  paired  with 

bronze.  The  bronze  sample  had  a  surface  finish  of  V8,  the  polyamide 

sample  -  75.  The  dependence  of  the  coefficient  of  friction  on  the 

duration  of  testing  is  shown  in  Fig.  1  (curve  3).  The  tests  were 

conducted  under  a  specific  pressure  of  6  kgf/cm  .  After  36  hours 

of  operation  the  wear  of  the  polyamide  sample  was  0.03  mm,  and  of  the 

bronze  one  -  0.015  mm.  The  linear  wear  was  measured  with  a  vertical 

2 

optimeter.  Then  the  specific  pressure  was  increased  to  10  kgf/cm  . 
After  25  hours  the  wear  of  the  polyamide  and  bronze  samples  \..-s 
respectively  with  0.02  and  0.015  mm.  The  coefficient  of  friction 
did  not  exceed  C.03.  In  Fig.  2  there  is  depicted  the  dependence 
of  the  coefficient  of  friction  on  specific  pressure  for  this  same 
friction  pair. 

f 

Iff 
Iff 

Fig.  2. 
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The  mathematical  processing  of  the  experimental  data  to  develop 
the  functional  dependences  of  the  coefficient  of  friction  on  specific 
pressure,  and  also  of  swelling  on  time,  were  carried  out  by  the 
methods  of  "least  squares"  and  "mean  squares." 


For  a  polyamide  with  a  filler-stainless  steel  friction  pair  the 
formula  has  the  following  form: 


(1) 


where  k  and  a  -  coefficients  dependent  on  the  material,  f  -  a 
constant  of  the  coefficient  of  friction  (asymptote  along  the  f  axis). 


(2) 


To  determine  fnr  we  take  on  the  graph  (Fig.  3)  three  points  with 
abscissas  p1,  p2,  and  pg  »  /p^Pg  and  ordinates  f^,  f2,  and  fg 
respectively  (p.^  and  p2  are  selected  arbitrarily).  Then  f(ic  ■  0.02. 
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Fig.  3. 
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To  determine  the  coefficients  k  and  a  we  use  the  method  of 
"least  squares."  Let  us  designate  the  sum  of  deviation  for  all 
experiments  through  S, 

After  logarithmization  of  formula  (1)  we  obtain 

l>! 
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Differentiating  this  equation  with  respect  to  k  and  a,  we  obtain 
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j 


dV 

as 

dx 


-22^  -f*)-Igk  +  «lgPij 

ui  v  *  1 

”  2  2  ~  fae)  ”  k  +  *  '*  p‘l 1 2  p» 

iwl 


(3) 


where  n  -  the  assigned  number  of  specific  pressure  (n  *  6).  Thus,  in 
order  to  determine  k  and  a,  we  solve  the  equations  (3)>  using  the 
following  conditions : 


as 

~dk 


0. 


For  the  tested  pairs  k  *  32*10_:5,  a  =  1.2.  In  Fig.  3  there  was  shown 
experimental  curve  1  and  theoretical  curve  2  obtained  by  formula  (1). 


The  analytical  expression  for  a  polyamide-bronse  friction  pair 
has  the  form: 


f 


_ £ _ 

p(kp-*)+c 


+ 


(4) 


where  6  and  c  —  the  coefficients  dependent  on  the  material.  Value 

f  *  0.015  we  determine  by  formula  (2).  To  determine  k  and  6  we  use 
nc  o 

the  method  oi  "mean  squares."  We  introduce  a  new  variable  f  =  — 

and  we  obtain  1  “ 


f'-kp’rHSp+c. 

Since  value  p  forms  an  arithmetical  progression  with  a  difference 

h  ■  2,  then  is  adjusted  f"  ■  — »  where  f"  -  the  difference  of 

n  c 

each  of  the  following  two  values  of  f * .  After  which  the  following 
dependence  is  obtained: 


r  -  (*h  +  kh*)  +  2khp 


Making  up  the  deviation  e1  -  -  (6h  +  kh2)  -  2^^,,  where 

i  -  2,  4,  ...»  12,  and  dividing  it  into  two  groups,  we  obtain 

«,  +  H  +  «. -0  (3) 

*4  T  *1  "f  **  “  0; 

After  solving  the  equations  (5)  k  -  0.033*10^  and  <$  ■  0.37.10^. 
Coefficient  c  is  determined  from  equation 

?f'/-k|lP‘,+8§P,  +  nC- 

After  intermediate  calculations  c  *  1.56-10^.  In  Fig.  2  there 
are  shown  experimental  curve  1  and  theoretical  curve  —  2,  obtained 
by  formula  (4). 

Subsequently  there  was  determined  the  dependence  of  the  swelling 
of  the  tested  polyamide  on  time  (Fig.  4).  The  formula  characterizing 
this  dependence  has  the  following  form: 

t 

A/-A/,(l-e"),  (6) 

where  M  -  the  linear  swelling,  mm;  -  the  constant  of  linear 
swelling  (determined  analogous  to  formula  (2),  mm;  t  -  the  time  of 
the  location  of  the  sample  in  the  water,  h:  a1  -  a  coefficient 
dependent  on  the  temperature  of  the  water  and  on  the  material. 


Fig.  4. 


Coefficient  is  determined  by  the  method  of  "least  squares": 


Having  differentiated  this  formula,  we  will  obtain 


dS 

di 


+  A)i: 

*  /* 


(7) 


Thus,  with  condition  ^  ■  0,  by  formula  (7)  we  determine 

a1  «  0.017*103. 

In  Pig.  4  empirical  curve  1  and  theoretical  curve  2  are  shown, 
obtained  by  formula  (6). 


Conclusions 


1.  The  antifriction  properties  of  polyamide  resins  with  a 
filler  with  friction  on  steel  and  bronze  with  tap  water  lubrication 
are  satisfactory. 

2.  The  running-in  time  of  plastics  based  on  polyamide  resins 
with  a  filler  has  been  determined. 


3.  The  empirical  dependences  of  the  coefficient  of  friction  on 
specific  pressure  and  swelling  on  time,  which  can  be  used  for 
engineering  calculations  have  been  obtained. 
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THE  INVESTIGATION  OP  THE  WEAR  RESISTANCE 
OF  CERTAIN  POLYMERS  DURING 
OPERATION  IN  WATER 

A.  A.  Kut’kov  and  Yu.  B.  Kornilov 

Because  of  the  broad  application  in  industry  and  in  the  national 
economy  of  plastic  components  there  is  great  interest  in  the  question 
of  the  wear  resistance  of  these  materials. 

At  present  a  single  universal  wear  classification  does  not  exist 
of  components  of  machines  and  mechanisms,  made  both  from  metal,  and 
also  from  plastics.  A  number  of  authors  in  our  time  have  proposed 
different  wear  classifications.  Thus,  there  are  known  the  classifica¬ 
tions  of  A,  K.  Zaytsev,  G.  M.  Zamoruyev,  B.  I.  Kostelskiy,  I.  V. 
Kragel'skly,  M.  M.  Khrushchov  and  others.  The  majority  of  authors 
distinguish  abrasive  wear  as  an  independent  catsgory.  It  is  necessary 
to  note  that  abrasive  wear  is  one  of  the  widespread  types  of  wear, 
therefore  the  investigation  of  abrasive  wear  of  plastics  is  of  definite 
interest. 

The  method  of  investigating  abrasive  wear  under  laboratory  condi¬ 
tions  developed  by  M.  M.  Khrushchov  exists,  and  special  equipment 
for  carrying  out  this  type  of  investigation  has  been  created  H],  {?]. 
Furthermore,  S.  B.  Ratner  has  proposed  a  method  of  invest  *  gat  1 ng  w«a r 
of  plastics  on  a  screen  [3],  [*4],  [5]. 


Since  we  were  confronted  with  the  problem  of  carrying  out  the 
laboratory  investigation  of  the  wear  of  plastics  with  friction  in 
water,  the  indicated  methods  could  not  be  used.  On  the  basis  of 
the  works  of  M.  M.  Khrushchov  and  S.  B.  Ratner  a  method  of  wearing 
plasties  with  perferential  abrasive  wear  in  a  friction  process  in 
the  presence  of  v;ater  was  developed.  For  carrying  out  experiments  a 
testing  device  was  designed  in  the  faculty  department,  the  prototype 
of  which  was  the  machine  of  M.  M.  Khrushchov,  the  Kh4-B.  As  an 
abrading  surface  a  metal  screen  was  adopted.  The  testing  device  is 
shown  in  Fig.  1.  Metal  screen  2  is  fastened  to  disk  17  revolving 
horizontally,  having  special  collars  1  for  holding  the  water  on  the 
surface  of  the  screen.  The  disk  is  driven  by  electric  motor  12  via 
transmission  13,  having  five  speeds,  V-belt  transmission  14  and  conical 
pair  16.  Sample  10  is  placed  in  special  clamp  holder  4,  to  which 
load  5  is  braced,  pressing  the  sample  to  the  screen.  The  clamp  holder 
together  with  the  sample  and  the  load  is  placed  in  bushing  6,  along 
the  axis  of  which  it  freely  moves  or.  special  guides  preventing  the 
turning  of  the  holder.  The  bushing  via  plate  3  is  fastened  to  head 
7,  which  by  rod  8  with  a  thread  and  spline  and  nut  9  can  move  along 
the  radius  of  the  disk.  Frictional  fc^ce  is  measured  by  wire  resistance 
transducers  glued  to  the  plate.  Revolution  counter  11  is  connected  to 
horizontal  shaft  1H. 


The  investigation  of  the  wear  of  polymers  was  conducted  on  samples 
with  a  diameter  of  4  mm.  Organic  glass  served  as  a  standard.  A 
maximum  specific  pressure  was  selected  experimentally;  it  equalled 
4.2  kgf/cm2,  which  excluded  the  spreading  of  the  polymer  in  the  contact 
zone.  The  investigations  were  carried  out  according  to  the  following 
method.  A  sample  of  the  test  material  with  a  length  of  28-30  mm 
was  thoroughly  processed  on  its  cylindrical  surface.  In  a  special 
attachment  the  ends  of  the  sample  were  lapped  with  an  abrasive  cloth 
of  fine  mesh  in  such  a  way,  that  the  ends  were  parallel. 

Before  the  beginning  of  the  experiment  the  sample  was  measured 
with  a  micrometer  to  an  accuracy  of  0.002  mm;  then  the  sample  was 
secured  in  the  ciamp  holder,  together  with  which  it  was  placed  in  the 
bushing.  The  load  on  the  clamp  holder  created  a  specific  pressure  of 
the  sample  on  screen,  equal  to  4.2  kgf/cm  .  The  wear  of  the  sample 
was  determined  after  a  IOC  m  path  of  dry  friction  of  the  sample  on 
the  screen  and  with  the  presence  of  a  layer  of  tap  water  on  the 
screen.  The  speed  of  slip  of  the  sample  on  the  screen  was  4  m/min. 

The  tested  materials  were  several  types  of  high  polymers  with  a 
different  percentage  of  filler.  As  the  initial  polymers  polyamides 
were  used;  graphite  served  as  the  filler.  The  obtained  materials 
were  arbitrarily  designated  Nos.  1,  2,  3,  4,  and  5.  Standard  samples 
of  organic  glass  were  tested  in  parallel  under  identical  conditions 
to  compare  the  wear  of  the  tested  material  with  the  wear  of  the 
standard  material.  The  products  of  wear  were  removed  from  the  friction 
surface  with  the  help  of  a  special  brush. 

In  the  process  of  conducting  the  experiments  it  was  establisned 
that  the  test  samples  had  under  specific  friction  conditions  uniform 
wear,  proportional  to  the  friction  path. 

A3  a  result  of  the  conducted  investigations  deoendences  w  re 
obtained  of  the  absolute  wear  of  the  investigated  samples  At  on 
friction  path  S  with  a  specific  friction  regime  (V  *  4  m/m'n,  a  *  4.5 
kgf/cm)  for  friction  on  a  dry  screen  and  for  friction  on  a  screen 
covered  with  a  layer  of  tap  water. 
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Analyzing  the  obtained  results,  it  was  possible  to  note  that 
wear  with  friction  on  a  dry  screen  (Pig.  2)  was  considerably  higher 
than  wear  with  friction  on  a  screen  moistened  with  water  (Pig.  3). 
Thus,  for  material  No.  1  -  by  2.53  times.  No.  2  -  by  3*32  times. 

No.  3  -  by  2.24  times.  No.  4  ~  by  4.55  times.  No.  5  -  by  2.82  times. 
The  increased  wear  of  the  investigated  materials  with  friction  on  a 
dry  screen,  as  compared  to  wear  with  friction  on  a  screen  covered 
with  water,  apparently,  must  be  explained  by  the  effect  of  increased 
temperature  appearing  with  the  friction  in  the  first  case  and  by  its 
absence  in  the  second  -  in  connection  with  the  constant  cooling  with 
water  of  the  surfaces  of  the  friction  bodies. 


400  no  Mb' 


Pig.  3. 


It  was  siv.u-uaneously  that  the  wear  of  different  Investigated 
materials  under  identical  friction  conditions  wa3  different. 

Comparing  “he  curves  (Figs.  2,  3)  obtained  as  a  result  of  the 
investigation  we  see  that  the  greatest  wear  was  in  material  No.  4, 
and  the  least  -  in  material  No.  2.  Taking  as  unity  the  wear  of  the 
standard  soncie  of  organic  glass,  let  us  calculate  the  relative  wear 
of  the  remaining  materials.  With  friction  or.  a  dry  screen  the  relative 
wear  is  for  material  No.  1  -  5.8?;  No.  ?  -  3-H;  No.  3  -  3.90;  No. 

4  -  12.60;  No.  5  -  4.51.  With  friction  on  '  screen  coverea  with 
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water  -  for  material  Ho.  1  -  2 . 75 ;  No.  2  -  1.19;  No.  3  -  2.12;  No.  4  - 
3.49;  No.  5  -  1.95.  Apparently,  the  magnitude  of  wear  of  the  inves¬ 
tigated  materials  to  a  large  degree  is  affected  by  the  form  and  the 
quantitative  content  of  filler  in  percent  to  the  main  polymer. 

Conclusions 


1.  A  method  was  developed  for  investigating  polymeric  materials 
for  wear  with  friction  on  a  screen  in  the  presence  of  water. 

2.  The  wear  of  investigated  polymers  with  friction  on  a  dry 
screen  Is  considerably  higher  than  the  wear  with  friction  on  a  screen 
covered  with  a  layer  of  tap  water. 

3-  For  specific  friction  regimes  (V  =  4  m/min  and  q  =  4,2  kgf/cm 
the  most  wear  resistant  is  material  No.  2. 

4.  The  wear  resistance  of  the  investigated  materials  was  lower 
than  the  wear  resistance  of  the  standard  material  (organic  glass). 

5.  The  value  of  absolute  wear  of  the  investigated  material  with 
friction  both  on  a  dry  screen,  and  also  on  a  screen  covered  with  a 
layer  of  tap  water  is  considerable  affected  by  the  quality  and  the 
percentage  of  filler  in  the  composition  of  the  polymer. 
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Knowledge  of  the  relationship  of  the  coefficient  of  static  friction 
to  temperature  is  needed  to  make  more  accurate  estimates  of  a  series 
of  mechanisms  which  operate  ’under  conditions  where  the  surrounding 
temperature  /arles.  To  determine  the  qualitative  and  quantitative 


effect  of 


surrounding  temperature  on  static  friction  for  several 


friction  pairs,  experiments  were  carried  out  on  a  specially  built 
apparatus.  Essentially,  the  apparatus  consists  of  a  vertically 
mounted  rod  loaded  with  a  ie,rer  iavice  and  weight  from  the  top. 
Attached  to  the  bottom  of  the  rod  is  a  ring-shaped  sample  to  be 
tested.  Staring  against  the  sample  is  a  steel  block  supported  on  a 
mount  with  a  ball  bearing.  The  steel  block  and  sample  (the  friction 
pair)  are  inclosed  in  a  thermally  regulated  chamber.  The  rod  mentione 
above  can  be  rotated  by  a  ^ul1ey  and  failing  weight,  the  latter  being 
built  to  receive  varied  amounts  of  lead  shot.  The  temperature  of  the 
chamber  having  been  raised  to  the  specified  point,  the  sample  was 
placed  in  contact  with  the  steel  for  five  minutes  and  held  at  constant 
load.  The  falling  weight  was  then  loaded  with  shot  until  it  dropped 
a  certain  distance  where  a  flipping  device  closed  off  the  supply  of 
snot  at  its  source.  Coefficients  of  static  friction  were  computed 
using  a  formula  which  tooK.  into  account  the  es-ential  dimensions  c-f 
the  apparatus,  the  weights  and  the  sample.  Good  reproducibility  of 

tests  indicates  that  the  construction  of  the  appai^tus  takes  into 
account  tne  basic  factors  influencing  static  irlction.  (AT9005634) 
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ns.  ABSTRACT 


In  structural  mechanics,  a  comparatively  new  branch  of  polymer 
science,  ways  have  been  sought  to  obtain  new  materials  by  changing 
the  supra-molecular  structures  of  existing  polymers  by  plasticizing 
them.  Further,  due  to  the  ever  increasing  importance  of  crystalline 
polymers  in  industry,  especially  polyethylene, particular  interest  is 
shown  in  the  effect  of  plasticizing  on  structural  and  antifriction 
properties.  It  had  been  assumed  that  the  method  of  mixing  a  plasti¬ 
cizer  with  the  polymer  influenced  the  afore-mentioned  properties, 
the  present  article  describes  tests  used  in  examining  this  assumption 
The  initial  mass  was  a  mixture  of  low-pressure  polyethylene  polymer 
and  spindle  oil  plasticizer  which  was  treated  in  two  different  ways. 

In  the  first,  the  initial  mass  was  poured  into  a  cylinder  ana  heated 
to  complete  fusion  and  then  immediately  transferred  to  the  mold.  In 
the  second,  the  fused  mass  from  the  heated  cylinder  was  passed 
through  a  set  of  screens  and  carefully  remixed  before  molding. 

Sample  structure  revealed  by  x-ray  analysis  showed  poor  compatibility 
of  the  polymer  and  plasticizer  where  the  first  method  was  used, whereas 
compatibility  had  significantly  improved  in  the  second  method.  Micro 
scopic  examination  of  thin  sections  revealed  that  the  supra-molecular 
structure  for  the  first  method  was  an  open  network  of  polyethylene 
with  voids  containing  spindle  oil.  For  the  second  method  the  struc¬ 
ture  was  uniform.  Orig,  art,  has:  5  figures,  (AT9003636) 
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ABSTRACT 


Many  machines  and  assemblies  operate  alternately  under  water  and  in 
air  such  as  irrigation  systems,  flood  gates  and  boat  davits.  Yet 
static  friction  in  such  equipment,  which  may  operate  under  great  unit 
pressures  in  either  medium  when  wet  or  dry  conditions  prevail,  has 
hardly  been  studied.  With  this  in  mind,  the  present  work:  was  initiate 
to  examine  the  static  friction  of  a  No,  4s  steel-Caprone  B  friction 
pair  in  water  and  when  dry,  In  addition,  an  attempt  was  made  to  ex¬ 
plain  the  effect  of  abrasives  usually  found  in  water  and  which  collect 
on  stow,  surfaces.  In  all,  eight  tests  were  conducted  in  which  the 
caprone  and  steel  samples  had  been  variously  prepared  by  machining  on 
a  lathe  both  dry  and  lubricated  with  water  and  in  some  instances 
buffed  with  emery  cloth.  Coefficients  of  static  friction  were  mea¬ 
sured  on  a  conventional  friction  machine  designed  to  maintain  high, 
constant  contact  pressure  and  to  alter  the  applied  tangential  force. 

It  was  found  that  the  presence  of  water  on  clean  steel  and  caprone 
surfaces  had  practically  no  effect  on  static  friction.  Current-carry¬ 
ing  powders  (iron)  in  the  friction  zone  have  little  effect  on  a  change 
in  friction  coefficient  under  dry  conditions.  Dielectric  powders 
(glass,  abrasive)  together  with  water  strongly  influences  the  nature 
of  the  change  in  static  friction.  Orig.  art.  has:  2  figures. 
(AT9003657) 
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IIS.  A  1ST AAC  T 


Graphite  antifriction  materials  possess  extremely  favorable  properties 
which  make  them  useful  for  machinery,  especially  as  end  face  packings 
for  pumps.  The  use  of  grafitoplast,  a  composition  cf  graphite  and 
phenoiformaldehyde  resin,  is  feasible  because  it, is  not  expensive 
and  because  the  manufacturing  technique  involved  is  simple  compared 
to  other  graphite  materials.  In  this  investigation  the  coefficients 
of  friction  and  wear  of  grafitoplast  on  organosillcor.  plastic  with 
water  lubrication  were  determined.  The  friction  machine  used  con¬ 
sisted  of  three  principal  parts:  the  loading  device,  the  friction 
pair,  and  the  measuring  equipment.  Samples  were  ground  on  a  cast- 
iron  plate  in  advance,  the  grafitoplast  being  ground  without  using 
abrasives  or  grinding  powders,  and  the  plastic  being  ground  with 
them.  Working  surfaces  were  carefully  washed  with  tap  water,  ground 
to  mirror  finish  ana  treated  with  gasoline.  In  friction  tests  it 
was  found  that  the  maximum  wear  of  grafitoplast  occurred  in  conjunc¬ 
tion  with  KF-10  plastic,  a  composition  which  contained  a  filler  of 
ftoroplast-4  and  quartz  sand,  whereas  the  highest  wear  resistance 
was  shown  by  a  gia^itoplast-KF-9  plastic  friction  pair,  the  plastic 
containing  ftoropj.ast-4  as  the  filler.  Since  the  samples  ralno  1 
weight  and  swelled  from  absorbed  water,  thi3  was  taken  into  account, 
in  determining  wear.  Tests  of  organosiltocn  plastics  in  friction  r. 
gra'"’  ’ast  have  shown  that  KF-9  organosillcor.  plastic  has  the 

.-./.Mf fiction  properties*  Orig,  art.  has:  3  figures,  1  tab  1.0. 
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113.  ABSTRACT  1 

Nowadays  guides  are  used  in  flood  gate  construction  which  consist  of 
fixed  rails  of  stainless  steel  alloy  and  moving  slides  with  inserts 
of  laminated  wood  and  plastic.  The  unfavorable  conditions  for  the 
operation  of  such  a  friction,  pair  (water  with  abrasive  impurities 
and  great  unit  pressures  up  to  400  kg/cm (superscript  2)  impedes  the 
timely  closing  of  the  gate  in  some  cases,  which  might  lead  to  damage. 
More  often  than  not  the  gate  jams  due  to  increased  static  friction 
from  prolonged  static  contact.  So,  the  problem  of  selecting  a  fric¬ 
tion  pair  capable  of  operating  under  such  conditions  with  a  minimum 
of  difference  between  static  and  sliding  friction  coefficients  bec-orrre^*~ 
extremely  important.  With  this  in  view,  an  investigation  was  launched 
of  the  static  friction  of  a  number  of  plastics  paired  with  stainless 
steel  under  conditions  approximating  actual  operation.  The  plastics 
tested  were  DSP-G  wood  plastic,  textollte,  P-68  resin  and  P-68  resin 
with  powdered  fillers,  all  having  a  no.  6  grade  finish.  A  special 
apparatus  with  hydraulic  press  as  the  loading  device  served  as  the 
friction  machine  into  which  the  plastic  samples  were  inserted  and 
pressed  a  stainless  steel  plate  having  a  no.  7  grade  finish.  Results 
of  the  tests  revealed  that  static  friction  decreases  somewhat  with  an 
increase  in  normal  load  for  all  samples.  The  static  friction  coeffi¬ 
cient  for  tejctolite  jr.oreases  more  with  time  than  other  plastics. 

Orig.  art.  has:  1  figure  and  2  tables.  (AT900J640) 
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■  1».  ABSTRACT 

The  milling  process  is  used  in  a  number  of  chemical  industries  to 
achieve  ultimate  uniformity  of  a  polymer  mass  and  additional  separa¬ 
tion  of  solvents.  However,  rolling  is  accompanied  by  strong  internal 
and  external  friction  wherein  a  great  amount  of  heat  is  evolved. 

When  considering  the  relationship  of  the  amount  of  heat  evolved  to 
friction,  it  must  be  recognized  that  pressure  in  the  mass  is  an  im¬ 
portant  factor,  a  factor  which  can  serve  as  a  criterion  of  the  stabi¬ 
lity  of  the  rolling  process.  To  determine  pressure,  an  indirect 
method  of  measurement  must  be  used,  1.  e.,  the  measurement  of  a 
parameter  functionally  related  to  pressure,  since  direct  measurement 
is  unsuitable.  Investigation  of  the  rolling  machine  operation  was 
made  to  find  the  parameter  which  would  be  a  suitable  function  of 
pressure  in  the  rolled  mass.  It  was  found  that  a  suitable  indirect 
measurement  exists,  namely  measurement  of  the  .torsion  stress  moment 
on  the  drive  shaft.  However,  other  parameters,  which  determine  the 
mechanical  properties  of  the~mass  (rheological  constants,  viscosity, 
coefficients  of  internal  and  external  friction,  etc.)  affect  the 
torsion  moment-pressure  relationship.  Therefore,  a  pressure  calibra¬ 
tion  is  required,  the  simplest  being  the  rolling  of  copper  strips 
and  measuring  pressure  on  the  rolls  from  which  comparisons  may  bo 
made  without  interference  from  the  other  parameters  mentioned  atovo^ 
Orig.  art.  has:  5  formulas.  (AP9003642) 
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is.  abstract 

A  friction  pair  that  works  well  when  lubricated  with  water  does  not 
require  the  use  of  hard-to-get  materials  is  extremely  important  in 
the  manufacture  of  simple  and  reliable  parts  for  submerged  electric  • 
pumps.  The  metal-rubber  pair  now  used  quickly  wears  out  under 
unstable  operating  conditions  when  the  lubricant  wedge  of  water  is 
absent.  To  overcome  this  deficiency,  a  polyamide  resin  plastic 
material  with  graphite  filler  made  in  the  NPI  Laboratory  of  New 
Antifriction  Materials  was  tested  for  its  antifriction  properties  and 
wear  resistance.  The  plastic  paired  with  stainless  steel  and  lubri¬ 
cated  with  water  under  conditions  simulating  the  operation  of  a 
friction  pair  in  a  submerged  electric  pump.  More  specifically,  test¬ 
ing  was  carried  out  under  both  hydrodynamic  and  imcomplete  lubrica¬ 
tion  conditions  using  tap  water  having  an  overall  hardness  of  16.23 
degrees  H  at  10-20  degrees  centigrade  in  a  friction  machine  designed 
for  measuring  deformation  under  load.  A  linear  method  of  measuring 
wear  and  .swelling  (using  a  micrometer)  was  employed  and  antifriction 
properties  determined  by  the  value  of  the  friction  coefficient.  It 
was  found  that  the  plastic  test  sample  swelled  Insignificantly,  and 
the  most  Intensive  wear  of  the  sample  was  observed  during  the  run-in 
period.  The  amount  of  wear  of  the  sample  when  lubricated  with  tap 
water  is  insignificant.  The  steel  showed  practically  no  signs  of 
wear.  Orig.  ar't.  has:  3  figures  and  1  table.  (AT90036  4  3) 
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13.  ABSTRAC  T 


Friction  in  modern  machines  operating  under  sharply  changing  and 
shifting  loads,  which  are  very  nearly  shock  loads,  has  hardly  been 
studied  and  no  test  method  has  previously  existed.  Therefore, 
investigation  of  the  phenomenon  is  of  great  interest.  In  this  exami¬ 
nation,  the  sliding  friction  of  steel  and  plastic  samples  paired  with 
steel  acting  under  a  shock  load  was  studied.  The  experimental  appa¬ 
ratus  used  consisted  of  a  pendulum  impact  machine  with  a  specially 
designed  attachment  having  a  stand  on  which  was  mounted  a  chuck  holding 
the  test  sample,  the  chuck  being  held  in  position  by  two  weighted  lever 
arms.  After  the  sample  was  held  in  position  for  a  minute,  the  raised 
pendulum  of  the  impact  machine  was  let  go  which  struck  along  the  chuck. 
The  height  to  which  the  pendulum  rose  after  striking  determined  the 
work  expended  on  overcoming  friction.  By  this  method  the  effect  of 
increasing  the  normal  load  on  the  friction  coefficient  under  shock  for 
a  steel-steel  pair,  dry  and  with  boundary  lubrication,  was  studied. 
Here,  the  lubricant  used  was  ricinoleic  acid.  Results  of  tests  showed 
that  the  friction  coefficient  rises  with  an  increase  in  load  much 
faster  in  dry  friction  than  in  boundary  friction,  and  it  was  found 
that  under  identical  loads  the  Ament ons -Coulomb  law  is  accurate  only 
in  boundary  friction.  The  friction  of  plastic  samples  on  steel  was 
similarly  studied  using  polyethylene  with  fillers.  Orig.  art.  has: 

5  figures.  (AT9003644)  .  ,  _ , 
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Existing  antifriction  materials  such  as  bronze  and  babbit  are  unsuit¬ 
able  for  working  in  water  in  a  majority  of  cases  because  of  wear 
and  corrosion.  Numerous  investigations  made  on  the  selection  and 
development  of  antifriction  materials  have  shown  high  polymers  and 
plastics  based  on  them,  particularly  caprone  type  resins,  to  be  par¬ 
ticularly  favorable  materials.  Yet  it  may  be  expected  that  steel- 
polyamide  friction  in  water  will  produce  intense  oxidation  wear  of 
the  steel.  Such  wear  may  be  decreased  with  corrosion  inhibitors  or 
anticorrosion  coatings.  To  test  the  effect  of  corrosion  inhibitors 
and  anticorrosion  coatings  on  steel  experimental  research  was  con¬ 
ducted  using  a  conventionally  styled  friction  machine.  Calcium  bi¬ 
carbonate,  sodium  nitrate,  sodium  sulfate  and  gallic  acid  were  used 
as  the  inhibitors,  the  compounds  being  dissolved  in  a  2  percent  cap- 
water  solution.  Alkali  and  acid  oxidation,  parkerization,  and  burnish¬ 
ing  were  selected  to  provide  protective  films.  For  inhibitors,  each 
test  lasted  15  hrs.  In  investigating  anticorrosion  coatings  tes's 
were  stopped  just  as  the  coating  wore  away,  a  phenomenon  that  could 
be  detected  by  the  change  in  friction  coefficient..  I*  was  found 
that  corrosion  inhibitors  exert  an  essential  influence  on  the  wear 
resistance  and  friction  properties  of  steel  under  conditions  of 
oxidation  wear.  Orig,  art.  has:  5  figures.  (AT900J5645) 
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The  present  work  supplements  previous  research  on  me 
properties  and  wear  resistance  of  subject  plastic  paired  with  pain¬ 
less  steel  and  lubricated  with  tap  water.  In  this  case,  the  anti 
friction  properties  of' the  plastic  paired  with  stainless  srnel  aru 
with  bronze  were  examined.  In  addition,  empirical  formulas  o  ) -a  ne^ 

by  mathematical  treatment  of  experimental  data,  antifriction 

used  in  engineering  computations.  It  was  found  that  the  antifriction 
properties  of  polyamide  resins  with  a  filler  in  friction  on  steel 
and  bronze  when  lubricated  with  tap-  water  were  fP^able  J  curves 
for  wearin/z-in  of  the  plastic  was  determined  graphically  from  curves 

Showing  thf  relationship  of-friction  coefficient  to  time  of  operation, 
in  the  case  of  a  steel-plastic  pair,  tests  showed  that  U  took^p In. 
at  a  unit  pressure  of  5.5  kg/cm(superscript  2)  (determine  " 

curve's  horizontal  asymtotej.  Empirical  formulas  for  the 

relation  of  friction  coefficient  to  unit  Pressure  and  loi  find- L; Jfc • 
the  relation  of  swelling  to  time  were  shown.  Orig.  art. 
figures  and  7  formulas.  (AT9005646) 
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IS.  ABSTRACT 


Due  to  the  widespread  use  of  plastic  parts  3n  machinery,  the  problem 
of  their  wear  resistance  is  of  great  interest.  Since  in  this  exam¬ 
ination  the  tests  were  to  be-made  in  a  water  medium,  existing  met  hour, 
of  abrasion  wear  could  not  be  used,  A  new  method  was  therefore 
developed  in  which  an  apparatus,  a  prototype  of  M.  M.  Krushchov's 
Kh4-B  machine,  was  used  containing  a  metal  screen  as  the  wearing  sur¬ 
face  on  which  a  layer  of  tap  water  could  be  poured.  Several  types 

of  high  polymers  with  varying  percentages  of  filler  served  as  the  _ 

materials  under  investigation,  the  first  being  polyamides  with  gra-**"“ 
phlte  filler.  Wear  of  the  samples  was  determined  from  loss  of 
material  from  sliding  friction  on  the  screen  when  dry  and  when  covered 
by  a  layer  of  tap  water.  For  comparative  purposes,  ^ests  we^e  made 
under  the  same  conditions  using  plexiglas  [lucite]  as  a  standard. 

It  was  found  that  the  wear  of  the  polymers  in  friction  on  a  dry 
screen  is  significantly  greater  than  wear  when  the  screen  is  covered 
with  a  layer  of  tap  water.  This  could  be  explained  as  being  duo  to 
a  rise  in  temperature  in  the  first  instance  and  the  lack  of  it  in 
the  second,  where  there  is  constant  water  cooling  of  the  rubbing  sur¬ 
faces.  The  most  wear  resistant  material  was  one  designated  No, 
in  a  series  of  five  polymers  containing  Increasing  amounts  of  fjLLor; 
however,  the  wear  resistance  of  all  these  materials  was  lower  than 
that  of  plexiglas,  the  standard  material.  (AT9003647) 
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